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M o r t a l i t y  r a t e s  a n d  p o p u l a t i o n  s i z e s  o f  a l e w i f e  c o l l e c t e d  i n  
t h e  R a p p a h a n n o c k  a n d  P o to m ac  r i v e r s  f r o m  196 5 t o  1969 w e r e  e s t i m a t e d  
b y  s e v e r a l  m e t h o d s .
An a v e r a g e  v a l u e  o f  t o t a l  m o r t a l i t y  c o m p u te d  b y  t h e  Chapman 
a n d  R o b so n  m e t h o d  a n d  t h e  m e th o d  o f  r a t i o s  seem ed  t o  y i e l d  a r e l i a b l e  
e s t i m a t e  f o r  t h e  p a r a m e t e r .  I n  t h e  R a p p a h a n n o c k  R i v e r  t h i s  v a l u e  was 
59 .4% f o r  m a l e s  an d  55.6% f o r  f e m a l e s . ,  w h e r e a s  i n  t h e  P o to m ac  R i v e r  
i t  w as  55 .8% a n d  51.3% r e s p e c t i v e l y .  N a t u r a l  a n d  f i s h i n g  m o r t a l i t y  
e s t i m a t e s ,  on  t h e  o t h e r  h a n d ,  a p p e a r e d ,  t o  b e  l e s s ,  r e l i a b l e  b e c a u s e  
c e r t a i n  a s s u m p t i o n s  r e q u i s i t e  f o r  u s i n g  S i l l i m a n Ts m e th o d  w e r e  n o t  
m e t .  I n  t h e  R a p p a h a n n o c k  R i v e r  t h e s e  e s t i m a t e s  w e r e  18.3% an d  12.8% 
f o r  n a t u r a l  m o r t a l i t y  o f  m a l e s  an d  f e m a l e s  r e s p e c t i v e l y ,  an d  50.6% 
an d  50 .5% f o r  f i s h i n g  m o r t a l i t y .  I n  t h e  P o to m ac  R i v e r  n a t u r a l  m o r ­
t a l i t y  w as  20.1% an d  14.1% f o r  m a l e s  an d  f e m a l e s  r e s p e c t i v e l y ,  and  
f i s h i n g  m o r t a l i t y  was  67 .2%  an d  3 6 .9% .  P o p u l a t i o n  s i z e s  w e r e  c o m p u te d  
b y  m e t h o d s  o f  P a l o h e i m o  an d  t h a t  b a s e d  on r a t e  o f  e x p l o i t a t i o n  f r o m  
m o r t a l i t y  e s t i m a t e s  o b t a i n e d  by  S i l l i m a n Ts m e t h o d .  R e s u l t s  o b t a i n e d  
w e r e  n o t a b l y  c l o s e  t o  e a c h  o t h e r .  The e s t i m a t e s  w e r e  r e s p e c t i v e l y  
1.8X10& a n d  2 .1 x 1 0 ^  f i s h  i n  t h e  R a p p a h a n n o c k  R i v e r ,  and  7 . 0 x 1 0 6  an d  
7 S .  5x106  f i s h  i n  t h e  P o to m ac  R i v e r .
T o t a l  m o r t a l i t y  a p p e a r e d  t o  i n c r e a s e  w i t h  a g e .  T o t a l  an d  n a t u r a l  
m o r t a l i t y  r a t e s  w e r e  g r e a t e r  f o r  m a l e s  t h a n  f o r  f e m a l e s .
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INTRODUCTION
The  p u r p o s e  o f  t h e  p r e s e n t  s t u d y  was  t o  e s t i m a t e  m o r t a l i t y  
r a t e s  a n d  p o p u l a t i o n  s i z e  o f  t h e  a l e w i f e ,  A l o s a  p s e u d o h a r e n g u s  
( W i l s o n )  i n  t h e  R a p p a h a n n o c k  R i v e r  an d  P o to m ac  R i v e r  i n  t h e  
f i s h i n g  s e a s o n s  1965- t h r o u g h  1 9 6 9 .
The  a n a d r o m o u s  a l e w i f e .  i n h a b i t s  c o a s t a l  w a t e r s  o f  N o r t h  
A m e r i c a  f r o m  L a b r a d o r  a n d  t h e  S t .  L a w r e n c e  R i v e r  d r a i n a g e  i n  
O n t a r i o  a n d  Q uebec  t o  N o r t h  C a r o l i n a ;  l a n d l o c k e d  r a c e s  o c c u r  a l s o  
i n  L ake  O n t a r i o ,  L ak e  E r i e ,  a n d  u p p e r  G r e a t  L a k e s ,  a n d  i n  c e r t a i n  
l a k e s  i n  t h e  n o r t h e a s t e r n  s t a t e s  (Helm a n d  S c o t t ,  1 9 6 6 ;  Hubbs 
a n d  L a g l e r ,  1 9 5 8 ) .
A l e w i f e  e n t e r  C h e s a p e a k e  Bay i n  l a t e  w i n t e r  a n d  e a r l y  s p r i n g  
a n d  swim u p s t r e a m  w h e r e  t h e y  spawn i n  t h e  t i d a l  f r e s h w a t e r  s t r e t c h e s  
o f  t h e  r i v e r  s y s t e m s .  The  s p e n t  f i s h  r u n  d o w n s t r e a m  s o o n  a f t e r  
s p a w n i n g  r e t u r n i n g  t o  s a l t  w a t e r  so  q u i c k l y  t h a t  e a r l y  s p a w n e r s  
o f t e n  p a s s  t h r o u g h  t h e  l a s t  o f  t h e  i n c o m i n g  r u n  ( R o u n s e f e l l  a n d  
S t r i n g e r ,  1 9 4 3 ) .
The  y o u n g  f i s h  s p e n d  t h e  f i r s t  summer n e a r  t h e  s p a w n i n g  
g r o u n d s  b u t  move d o w n s t r e a m  a n d  o u t  i n t o  t h e  o c e a n  i n  t h e  a u tu m n  
a n d  d o  n o t  r e t u r n  t o  f r e s h w a t e r  f o r  3 t o  5 y e a r s .  A l t h o u g h  
a l e w i v e s  s p e n d  t h e  m a j o r  p o r t i o n  o f  t h e i r  l i f e  i n  t h e  o c e a n ,  v e r y  
l i t t l e  i s  known o f  t h e i r  h i s t o r y  a f t e r  t h e y  d e s c e n d  a s  s m a l l  f i s h  
t o  t h e  o c e a n .
T he  f i s h i n g  s e a s o n  b e g i n s  i n  l a t e  w i n t e r  a n d  e a r l y  s p r i n g  
when f i s h  e n t e r  C h e s a p e a k e  Bay a n d  i t s  t r i b u t a r i e s  f r o m  t h e  
A t l a n t i c  O c e a n .  The  a l e w i f e  i s  c a u g h t  c o m m e r c i a l l y  w i t h  i t s  
c l o s e  r e l a t i v e  t h e  b l u e b a c k  ( A l o s a  a e s t i v a l i s ) .  M o s t  f i s h  a r e  
c a u g h t  i n  p o u n d - n e t s  w i t h  a r e l a t i v e l y  s m a l l  q u a n t i t y  t a k e n  b y  
h a u l  s e i n e s  a n d  f y k e  n e t s .
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METHODS AND MATERIALS
M o r t a l i t y  r a t e s  w e r e  d e t e r m i n e d  f r o m  t h e  d e c l i n e  i n  n u m b e r s  
o f  a  y e a r - c l a s s  o r  s p a w n i n g - c l a s s  each ,  s u c c e s s i v e  y e a r  i n  t h e  
f i s h e r y .  A l s o ,  a v e r a g e  t o t a l  m o r t a l i t y  r a t e s  w e r e  c o m p u t e d  f r o m  
t h e  d e s c e n d i n g  l i m b  o f  a  c a t c h  c u r v e  t a k e n  f r o m  c o m b in e d  s a m p l e s  
o v e r  f i v e  y e a r s  ( 1 9 6 5 - 1 9 6 9 ) .  The d e c l i n e  i n  a b u n d a n c e  o f  a l l  
s p a w n e r s  p r e s e n t  i n  1965 f o r  t h e  p e r i o d  u n d e r  c o n s i d e r a t i o n  a l s o  
p r o v i d e d  e s t i m a t e s  o f  t o t a l  m o r t a l i t y  r a t e s .
E s t i m a t e s  o f  p o p u l a t i o n  s i z e  w e r e  b a s e d  on  m o r t a l i t y  a n d  
t o t a l  c a t c h  i n f o r m a t i o n .
S i n c e  s t a t i s t i c a l  t e s t s  o f  r e l i a b i l i t y  w e r e  n o t  a p p l i c a b l e , ,  
i t  w as  d e s i r a b l e  t o  e s t i m a t e  m o r t a l i t y  a n d  p o p u l a t i o n  s i z e  b y  a s  
many m e t h o d s  a s  p o s s i b l e ,  so  t h e  r e l i a b i l i t y  o f  e s t i m a t e s  c o u l d  
b e  t e s t e d  b y  c o m p a r i n g  r e s u l t s .  F o r  t h i s  r e a s o n  m o r t a l i t i e s  a n d  
p o p u l a t i o n  s i z e s  w e r e  e s t i m a t e d  b y  a t  l e a s t  two i n d e p e n d e n t  
m e t h o d s ,  w h e n e v e r  p o s s i b l e .
Age a n d  s p a w n i n g  h i s t o r y  w e r e  d e t e r m i n e d  f r o m  s c a l e s  t a k e n  
f r o m  s a m p l e s  o f  f i s h  o b t a i n e d  f r o m  e a c h  r i v e r  c o n s i d e r e d .  S p e c i ­
mens  w e r e  r e m o v e d  f r o m  a  50 p o u n d  random s a m p l e  o f  r i v e r  h e r r i n g  
t a k e n  w e e k l y  f r o m  p o u n d - n e t s  a n d  s c a l e s  w e r e  r e m o v e d  from. 25 
a l e w i v e s  f r o m  e a c h  s a m p l e  i n  1965 a n d  f r o m  50 a l e w i v e s  i n  1966 
t h r o u g h  1 9 6 9 .
The  s t u d y  was  b a s e d  on  s a m p l e s  o f  t h e  c a t c h  o f  a l e w i f e ,  
f i s h i n g  e f f o r t ,  a n d  c a t c h  d a t a .  I n  t h e  R a p p a h a n n o c k  R i v e r
s a m p l e s  o f  f i s h  w e r e  o b t a i n e d  f r o m  a n  a r e a  a b o u t  12 m i l e s  a b o v e  
t h e  m o u t h .  I n  e s t i m a t i n g  f i s h i n g  e f f o r t  a n d  t o t a l  c a t c h ,  n e t s  
w i t h i n  7 m i l e s  o f  t h e  m o u t h  w e r e  e x c l u d e d  b e c a u s e  t h e  c a t c h  n e a r  
t h e  r i v e r  m o u t h  p r e s u m a b l y  c o n t a i n s  some f i s h  b e l o n g i n g  t o  
s p a w n i n g  r u n s  o t h e r  t h a n  t h e  R a p p a h a n n o c k  R i v e r  i t s e l f . The 
s a m p l e s  f r o m  t h e  P o to m ac  R i v e r  w e r e  t a k e n  f r o m  a n  a r e a  8 t o  10 
m i l e s  a b o v e  t h e  m o u t h ,  w h e r e a s  f i s h i n g  e f f o r t  a n d  c a t c h  d a t a  
w e r e  t a k e n  f r o m  t h e  e n t i r e  r i v e r .
Age D e t e r m i n a t i o n
( a )  S c a l e  M ethod
A n n u l a r  m a r k s  on  t h e  a l e w i f e  s c a l e  c o n s i s t  o f  a n n u l i  an d  
s p a w n i n g  c h e c k s .  N o r m a l l y  o n l y  o n e  a n n u l u s  i s  l a i d  down e a c h  
y e a r ,  h o w e v e r ,  f a l s e  a n n u l i  a r e  a l s o  p r e s e n t .  S p a w n in g  c h e c k s ,  
s c a r l i k e  r i n g s  f o r m e d  a l o n g  t h e  l a t e r a l  m a r g i n ,  do  n o t  e x t e n d  
i n t o  t h e  a n t e r i o r  f i e l d .  T h e y  a r e  f o r m e d  d u r i n g  t h e  s p a w n i n g  
m i g r a t i o n  b y  e r o s i o n  o r  a b s o r p t i o n  o f  t h e  s c a l e .  The l a s t  a n n u l u s ,  
f o u n d  n e a r  t h e  p e r i p h e r y  o f  t h e  s c a l e ,  i s  f r e q u e n t l y  e r o d e d  d u r i n g  
s p a w n i n g  m i g r a t i o n  a n d  t h e  s p a w n i n g  m a rk  i s  u s e d  i n  p l a c e  o f  t h e  
e r o d e d  a n n u l u s  f o r  d e t e r m i n i n g  a g e  o f  " r e p e a t e r "  f i s h  ( J u d y ,  1 9 6 1 ) .  
T h u s  s p a w n i n g  m a r k s  a r e  c o n s i d e r e d  a s  a n n u l i  i n  d e t e r m i n i n g  a g e .  
S c a l e s  f r o m  f i s h  w h i c h  h a v e  s p aw n e d  s e v e r a l  t i m e s  may b e  d i f f i c u l t  
t o  i n t e r p r e t  b e c a u s e  some s p a w n i n g  c h e c k s  a n d  a n n u l i  may b e  e r o d e d .
O t h e r  m a r k i n g s  on  a l e w i f e  s c a l e s ,  o f  some i m p o r t a n c e  i n  a g e  
d e t e r m i n a t i o n ,  a r e  t h e  f r e s h w a t e r  z o n e  a n d  t h e  t r a n s v e r s e  g r o o v e s .  
C a t i n g  ( 1 9 5 3 )  w o r k i n g  w i t h  A m e r i c a n  s h a d ,  a n d  N o r d e n  ( 1 9 6 7 )  w i t h  
l a n d l o c k e d  a l e w i f e  s c a l e s ,  f o u n d  t h a t  t h e  n u m b e r  o f '  t r a n s v e r s e  
g r o o v e s  i n c r e a s e d  w i t h  t h e  s i z e  o f  t h e  s c a l e  a n d  t h e  a g e  o f  t h e  f i s h .
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A l t h o u g h  t h e  n u m b e r  o f  t r a n s v e r s e  g r o o v e s  i s  t o  some e x t e n t  
r e l a t e d  t o  a g e ,  t h i s  n u m b e r  w as  n o t  u s e d  a s  a s u b s t i t u t e  f o r  
a n n u l i .
J
S c a l e s  w e r e  a g e d  b y  c o u n t i n g  t h e  n u m b e r  o f  a n n u l i  a n d  
s p a w n i n g  m a r k s  a n d  a d d i n g  a y e a r  f o r  t h e  s c a l e  e d g e  ( C a t i n g ,  
1 9 5 3 ) .  No f i s h  o l d e r  t h a n  t e n  y e a r s  h a s  b e e n  f o u n d  a n d  n o  m o r e  
t h a n  s i x  s p a w n i n g  c h e c k s  on  a n y  f i s h .
The  f r e s h w a t e r  z o n e  w as  e a s y  t o  d e t e c t  b u t  t h e  f i r s t  a n n u l u s  
w as  d i f f i c u l t  t o  t r a c e  i n  many c a s e s  a n d  o n l y  c o n s i d e r a t i o n  o f  
t h e  n u m b e r  o f  t h e  t r a n s v e r s e  g r o o v e s  c r o s s i n g  t h e  a n n u l i  r e v e a l e d  
t h a t  t h e  f i r s t  a n n u l u s  w as  p r e s e n t  i n  t h o s e  s c a l e s .  The  s e c o n d  
a n n u l u s ,  on  t h e  o t h e r  h a n d ,  was  t h e  b e s t  d e f i n e d  a n d  u s u a l l y  was  
c r o s s e d  b y  8 t o  9 t r a n s v e r s e  g r o o v e s .  Thus  t h i s . a n n u l u s  was  a 
g u i d e  i n  a g e  d e t e r m i n a t i o n .
S c a l e s  f r o m  1466 a l e w i v e s  f r o m  t h e  R a p p a h a n n o c k  a n d  509 f r o m  
t h e  P o to m a c  r i v e r s  w e r e  e x a m i n e d  i n  t h e  i n i t i a l  r e a d i n g .  A 
s e c o n d  r e a d i n g  w as  made w i t h o u t  c o n s u l t i n g  my f i r s t  o n e  a n d  
a g r e e m e n t  b e t w e e n  t h e  two was  84%. D i s a g r e e m e n t  was  d u e  t o  
f a l s e  a n n u l i  a n d  p o o r l y  d e f i n e d  f i r s t  a n n u l u s .  S c a l e s  f r o m  a l l  
f i s h  t o  w h i c h  d i f f e r e n t  a g e s  w e r e  a s s i g n e d  w e r e  r e - e x a m i n e d  i n  
d e t a i l  a n d  u p o n  c o n s i d e r a t i o n  o f  n u m b e r  o f  t r a n s v e r s e  g r o o v e s  
e n t e r i n g  e a c h  a n n u l u s  a l m o s t  c o m p l e t e  a g r e e m e n t  b e t w e e n  t h i r d  
a n d  s e c o n d  r e a d i n g s  was  r e a c h e d .
( b )  L e n g t h  F r e q u e n c y  M ethod
Age o f  a f i s h  a s  d e t e r m i n e d  b y  s c a l e  r e a d i n g  i s  n o t  n e c e s ­
s a r i l y  i t s  t r u e  a g e  b e c a u s e  r e c o g n i t i o n  o f  a n  a n n u l u s  i n v o l v e s  
s u b j e c t i v i t y .  F o r  t h i s  r e a s o n  a n  a t t e m p t  was  made  t o  u s e  t h e
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l e n g t h  f r e q u e n c y  m e t h o d  a s  a c h e c k  on  t h e  a s s i g n e d  a g e s  b y  t h e  
s c a l e  m e t h o d ,  a t  l e a s t  f o r  t h e  y o u n g e r  a g e  g r o u p s .
A l t h o u g h  a l e w i v e s  show a  d e c r e a s e  i n  g r o w t h  r a t e  f o l l o w i n g  
o n s e t  o f  s e x u a l  m a t u r i t y  ( G r a h a m ,  1 9 5 6 )  a n d  e x h i b i t  v a r i a b l e  
n u m b e r s  o f  s p a w n i n g  m a r k s  w i t h i n  an  a g e  g r o u p ,  m o d a l  l e n g t h s  
f o u n d  b y  t h e  l e n g t h  f r e q u e n c y  a n a l y s i s  w e r e  r e l a t i v e l y  c l o s e  t o  
t h e  mean  l e n g t h s  o f  e a c h  a g e  g r o u p  d e t e r m i n e d  b y  t h e  s c a l e  m e t h o d .
T a b l e s  1 a n d  2 show t h a t  f e m a l e s  a r e  l a r g e r  t h a n  m a l e s  o f  
t h e  same a g e  a n d  p o s s i b l y  h a v e  a l o n g e r  l i f e  s p a n .  M ore  m a l e s  
t h a n  f e m a l e s  m a t u r e  a t  a g e  t h r e e .  T h e r e f o r e  m o r t a l i t y  r a t e s  o f  
e a c h  s e x  w e r e  c o n s i d e r e d  s e p a r a t e l y .
C a t c h  P e r  U n i t  o f  E f f o r t
The  c a t c h  p e r ' u n i t  o f  e f f o r t  i s  a t r u e  i n d e x  o f  a b u n d a n c e  
o f  a s t o c k  p r e s e n t  d u r i n g  t h e  t i m e  f i s h i n g  t a k e s  p l a c e  p r o v i d e d  
t h a t  e f f o r t  i s  p r o p o r t i o n a l  t o  t h e  r a t e  o f  d e a t h s  c a u s e d  f r o m  
f i s h i n g  ( R i c k e r ,  1 9 4 0 ) .  F o r  m o s t  f i s h i n g  m e t h o d s ,  i f  t h e  p r o c e s s  
o f  c a t c h i n g  f i s h  i s  m o r e  o r  l e s s  c o n t i n u o u s  w h i l e  t h e  g e a r  i s  
b e i n g  o p e r a t e d ,  t i m e  i s  u s u a l l y  a s u i t a b l e  m e a s u r e  o f  f i s h i n g  
a c t i v i t y  ( B e v e r t o n  a n d  P a r i s h ,  1 9 5 6 ) .  Thus  i n  a p o u n d - n e t  f i s h e r y  
t h e  n u m b e r  o f  n e t - d a y s  may b e  t h e  b e s t  m e a s u r e  o f  f i s h i n g  e f f o r t .  
P ound  n e t s  w e r e  c o u n t e d  f o r t n i g h t l y  ( m o n t h l y  i n  1965 a n d  1 9 6 6 )  b y  
a n  o b s e r v e r  i n  a l o w - f l y i n g  a i r c r a f t .  The  n u m b e r  o f  n e t s  m u l t i p l i e d  
b y  t h e  n u m b e r  o f  d a y s  b e t w e e n  f l i g h t s  g a v e  t h e  f i s h i n g  e f f o r t  i n  
n e t - d a y s  ( F i g s .  1 ,  2 ) .
R e l i a b l e  m o n t h l y  c a t c h  r e c o r d s  a r e  a v a i l a b l e  f o r  t h e  Po tom ac  
R i v e r  f o r  a l l  y e a r s  c o n s i d e r e d .  D a i l y  r e c o r d s  o f  t h e  c a t c h  b y
3 t o  5 p o u n d - n e t s  h a v e  b e e n  o b t a i n e d  f o r  1967 t h r o u g h  1969 f o r  t h e  
R a p p a h a n n o c k  R i v e r .
T o t a l  c a t c h  d i v i d e d  b y  t o t a l  e f f o r t  g i v e s  an  e s t i m a t e  o f  t h e  
c a t c h  p e r  u n i t  o f  e f f o r t .  I n  t h e  R a p p a h a n n o c k  R i v e r , t h e  c a t c h  o f  
3 t o  5 n e t s  ( 1 0  t o  16% o f  t o t a l )  h a s  b e e n  c o n s i d e r e d  t o  r e p r e s e n t  
t h e  c a t c h  p e r  u n i t  o f  e f f o r t  f o r  t h i s  r i v e r  d u r i n g  a f i s h i n g  s e a s o n .  
I n  t h e  P o to m a c  R i v e r ,  t h e  e s t i m a t e d  c a t c h  p e r  u n i t  o f  e f f o r t  i s  
m o r e  a c c u r a t e  b e c a u s e  s t a t i s t i c s  on t o t a l  c a t c h  a n d  t o t a l  e f f o r t  
a r e  a l m o s t  c o m p l e t e .  C a t c h  a n d  e f f o r t  d a t a  a r e  g i v e n  i n  T a b l e  3 .
The  a g e  c o m p o s i t i o n  o f  a p o p u l a t i o n  c a n  b e  e x p r e s s e d  b y  t h e  
c a t c h  p e r  e f f o r t  d a t a  w h i c h  may b e  c o n s i d e r e d  t o  r e p r e s e n t  t h e  
a v e r a g e  a b u n d a n c e  o f  f i s h  i n  e a c h  ag e -g rcp u p  ( B e v e r t o n  a n d  H o l t ,
1 9 5 6 )  o r  s p a w n i n g - g r o u p  ( a  g r o u p  o f  f i s h  h a v i n g  t h e  same n u m b e r  
o f  s p a w n i n g  m a r k s  i n  t h e  same y e a r ) . A l t h o u g h  t h i s  m e t h o d  c i r c u m ­
v e n t s  some o f  t h e  d i f f i c u l t i e s  c a u s e d  by  v a r i a b l e  r e c r u i t m e n t ,
i t s  a d v a n t a g e s  a r e  t o  some e x t e n t  o f f s e t  b y  p o s s i b l e  s y s t e m a t i c  
b i a s  b e c a u s e  i n  t h i s . f i s h e r y  i t  i s  d i f f i c u l t  t o  o b t a i n  a r e l i a b l e  
e s t i m a t e  o f  c a t c h  p e r  u n i t  o f  e f f o r t .
Age S t r u c t u r e  a n d  S p a w n in g  G r o u p s
The  n u m b e r  o f  f i s h  i n  e a c h  a g e - g r o u p  o r  s p a w n i n g - g r o u p  
e x p r e s s e d  a s  a p e r c e n t a g e  o f  t h e  t o t a l  n u m b e r  o f  f i s h  i n  t h e  
s a m p l e  g i v e s  a n  a g e  f r e q u e n c y  d i a g r a m  ( B e v e r t o n  a n d  H o l t ,  1 9 5 6 )  
a l s o  c a l l e d  a c a t c h  c u r v e  ( B a r a n o v ,  1 9 1 8 ) .  The same k i n d  o f  
g r a p h  i s  u s e f u l  when t h e  l o g  f r e q u e n c y  o f  o c c u r r e n c e  o f  f i s h  i n  
e a c h  a g e  o r  s p a w n i n g ’ g r o u p  i n  a  s a m p l e  i s  p l o t t e d  a g a i n s t  a g e  
( R i c k e r ,  1 9 4 8 )  o r  n u m b e r  o f  s p a w n i n g  c h e c k s .  T h i s  t y p e  o f  c a t c h  
c u r v e  h a s  c o n s i d e r a b l e  a d v a n t a g e  o v e r  a r i t h m e t i c  p l o t s  b e c a u s e
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t h e  r a t e  o f  s u r v i v a l  c a n  b e  c o m p u t e d  f r o m  t h e  l a t t e r .  ‘ S i n c e  
a  c a t c h  c u r v e  i s  u s u a l l y  b a s e d  on  t h e  c o n t r i b u t i o n  o f  s u c c e s s i v e  
y e a r - c l a s s e s , t o  m i n i m i z e  t h e  e f f e c t  o f  f l u c t u a t i o n s  i n  y e a r -  
c l a s s  s t r e n g t h  o n e  m u s t  c o m b i n e  c a t c h  c u r v e s  f o r  a n u m b e r  o f  y e a r s .  
S u c h  c a t c h  c u r v e s  t a k e n  f r o m  s a m p l e s  c o m b i n e d  o v e r  f i v e  y e a r s  a r e  
g i v e n  i n  F i g s .  3 a n d  4 f o r  t h e  R a p p a h a n n o c k  a n d  P o to m a c  r i v e r s .
The  n u m b e r  a n d  a g e  d i s t r i b u t i o n  o f  a l e w i v e s  e n t e r i n g  a 
r i v e r  s y s t e m  c h a n g e  c o n s i d e r a b l y  w i t h  t i m e  ( T a b l e s  4 ,  5 ) . .  Thus  
i n  a n  a t t e m p t  t o  d e a l  w i t h  t h e  t r u e  p e r c e n t a g e s  o f  e a c h  f i s h  
g r o u p  i n  t h e  t o t a l  s e a s o n 1s c a t c h  t h e  s a m p l e  d a t a  w e r e  w e i g h t e d . -  
To o b t a i n  t h e  w e i g h t i n g  f a c t o r s  t h e  p e r c e n t a g e  o f  a l e w i v e s  i n  
e a c h  m o n t h l y  c a t c h  o f  r i v e r  h e r r i n g  was  m u l t i p l i e d  b y  t h e  
p e r c e n t a g e  o f  t h e  t o t a l  s e a s o n 1s c a t c h  w h i c h  t h a t  m o n t h Ts c a t c h  
r e p r e s e n t e d .  W e i g h t i n g  w o u l d  b e  m o re  r e l i a b l e  i f  d o n e  f o r  e a c h  
w e e k ,  b u t  t h a t  w as  i m p r a c t i c a l  b e c a u s e  o f  s m a l l  w e e k l y  s a m p l e s .
U n f o r t u n a t e l y ,  n o  a c c u r a t e  i n f o r m a t i o n  e x i s t s  on  t h e  t o t a l  
c a t c h  o f  a l e w i v e s  i n  e a c h  y e a r  b e c a u s e  t h e  two s p e c i e s  o f  r i v e r  
h e r r i n g  a r e  n o t  l i s t e d  s e p a r a t e l y  i n  f i s h e r i e s  s t a t i s t i c s .  The  
n u m b e r  o f  a l e w i v e s  was  e s t i m a t e d  by  summing s e p a r a t e l y  t h e  
w e i g h t s  o f  a l e w i f e  a n d  b l u e b a c k  h e r r i n g  f r o m  e a c h  w e e k l y  s a m p l e  
a n d  t h e  s a m p l e s  o f  a f i s h i n g  s e a s o n  w e r e  e x p a n d e d  t o  t h e  m o n t h l y  
a n d  t o t a l  c a t c h  o f  r i v e r  h e r r i n g  d u r i n g  t h a t  s e a s o n .
The  a g e  c o m p o s i t i o n  o f  t h e  a l e w i f e  p o p u l a t i o n  was  e s t i m a t e d  
b y  e x p a n d i n g  s a m p l e  d a t a  t o  t o t a l  c a t c h .  S t a t i s t i c a l l y  t h e  s t u d y  
o f  f i s h  p o p u l a t i o n s  f r o m  a n  a n a l y s i s  o f  c o m m e r c i a l  c a t c h e s  may 
b e  r e g a r d e d  a s  two s u c c e s s i v e  s a m p l i n g  p r o c e s s e s .  F i r s t ,  t h e  
c a t c h  i s  a  s a m p l e  o f  t h e  t o t a l  p o p u l a t i o n  a n d  s e c o n d ,  a  s a m p l e
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t a k e n  f r o m  t h e  c a t c h  i s  u s e d  t o  d e t e r m i n e  a g e  a n d  t h e  n u m b e r  o f  
t i m e s  a  f i s h  h a s  s p a w n e d .  T h e o r e t i c a l l y  b i a s  c a n  a r i s e  i n  b o t h  
s a m p l i n g  p r o c e d u r e s .  H o w e v e r ,  p o u n d  n e t s  p r o b a b l y  sam ple-  t h e  
p o p u l a t i o n  o f  m a t u r e  f i s h  i n  a n  u n b i a s e d  f a s h i o n .  On t h e  
o t h e r  hand.? a  s u b  s a m p l e  o f  50 f i s h  f o r  d e t e r m i n a t i o n  o f  a g e  a n d  
s p a w n i n g  h i s t o r y  i s  s m a l l e r  t h a n  w o u l d  h a v e  b e e n  d e s i r a b l e .  I n  
e s t i m a t i n g  t o t a l  c a t c h  i n  t h e  R a p p a h a n n o c k  R i v e r  a d d i t i o n a l  s o u r c e  
o f  s a m p l i n g  e r r o r  a r e  t h e  n u m b e r  a n d  l o c a t i o n  o f  t h e  
i n d e x  n e t s  on  w h i c h  t h e  e s t i m a t e  i s  b a s e d .  I n  c o n t r a s t ,  c a t c h  
r e c o r d s  f r o m  t h e  P o to m ac  R i v e r  a r e  a l m o s t  c o m p l e t e ;  h o w e v e r ,  
b e c a u s e  o f  v e r y  s m a l l  s a m p l e s ,  s a m p l i n g  e r r o r  i s  v e r y  p o s s i b l e .
F o r  t h e s e  r e a s o n s  t h e  w e i g h t e d  s a m p l e  da-ta  w e r e  u s e d  t o  e s t i m a t e  
m o r t a l i t y  r a t e s .  I n  e s t i m a t i n g  p o p u l a t i o n  s i z e s ,  h o w e v e r ,  t h e  
e x p a n d e d  s a m p l e  d a t a  w e r e  u s e d  b e c a u s e  o f  n e c e s s i t y .
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MORTALITY RATES
T o t a l  A n n u a l  M o r t a l i t y
T o t a l  m o r t a l i t y  may b e  e x p r e s s e d  e i t h e r  a s  a n  i n s t a n t a n e o u s  
r a t e  o r  a s  t h e  p e r c e n t a g e  o f  f i s h  d y i n g  i n  o n e  y e a r  ( t o t a l  a n n u a l  
m o r t a l i t y  r a t e ) .
B e c a u s e  b o t h  a g e  a n d  s p a w n i n g  h i s t o r y  a r e  m a r k e d  on t h e  s c a l e s  
a n n u a l l y  e i t h e r  o f  t h e s e  m a r k i n g s  c a n  b e  u s e d  t o  e s t i m a t e  a n n u a l ” 
m o r t a l i t y  r a t e s .  H o w e v e r ,  some d i s a d v a n t a g e s  i n h e r e n t  i n  e a c h  
c a s e  may c a u s e  e r r o r s  i n  t h e  e s t i m a t e s .  B e l d i n g  ( 1 9 2 1 )  s t a t e s  
t h a t  b o t h  y o u n g  a n d  o l d  f i s h  a r e  s u s c e p t i b l e  t o  b a c t e r i a l  a n d  
p a r a s i t i c  d i s e a s e s  d u r i n g  s p a w n i n g ;  a l s o ,  t h e  o l d e r  f i s h  h a v e  a 
l o w e r e d  v i t a l i t y  a f t e r  s p a w n i n g  a n d  i n  t h e i r  w e a k e n e d  c o n d i t i o n  
a r e  l e s s  r e s i s t a n t  t o  a t t a c k s  o f  f u n g i  a n d  s i m i l a r  f r e s h w a t e r  
i n f e c t i o n s .  H e n c e ,  i t  i s  n e c e s s a r y  t h a t  t h e  n u m b e r  o f  t i m e s  a 
f i s h  h a s  s p aw n e d  t o  b e  c o n s i d e r e d  i n  t h e  e s t i m a t e  o f  m o r t a l i t i e s .  
B u t ,  w i t h i n  a n  a g e  g r o u p ,  t h e  n u m b e r  o f  s p a w n i n g  m a r k s  v a r i e s  
b e c a u s e  a l e w i v e s  spawn f o r  t h e  f i r s t  t i m e  a t  d i f f e r e n t  a g e s  ( I I I  
t o  V ) ,  a l s o ,  i n  e a c h  s p a w n i n g  g r o u p  a r e  f i s h  o f  . d i f f e r e n t  a g e s .  
C o n s e q u e n t l y ,  i n  e i t h e r  c a s e  e a c h  f i s h  f r o m  a g r o u p  u n d e r  c o n s i d ­
e r a t i o n  h a s  b e e n  e x p o s e d  t o  d i f f e r e n t  f i s h i n g  o r  n a t u r a l  m o r t a l i t i e s  
o r  b o t h .
T o t a l  m o r t a l i t y  was  e s t i m a t e d  b y  u s i n g  e v e r y  p o s s i b l e  com ­
b i n a t i o n  o f  d a t a ,  t h e  a g e  c o m p o s i t i o n ,  t h e  s p a w n i n g  h i s t o r y  a n d
11
t h e  c o m b i n a t i o n  o f  t h e s e  t w o .  H e n c e f o r t h ,  a g e  g r o u p s  w i l l  b e  
d e s i g n a t e d  b y  Roman n u m b e r s  a n d  s p a w n i n g  c h e c k s  b y  a r a b i c  n u m b e r s .
I n d i c e s  o f  a b u n d a n c e  w e r e  d e r i v e d  b y  m u l t i p l y i n g  t h e  w e i g h t e d  
p e r c e n t a g e  o f  e a c h  f i s h  g r o u p  i n  t h e  s a m p l e  b y  t h e  c a t c h  p e r  e f f o r t  
i n  t h e  y e a r  i n  q u e s t i o n .
Age a t  m a t u r i t y  v a r i e s  f r o m  I I I  t o  V; h o w e v e r ,  97% ( a v e r a g e  
o v e r  t h r e e  y e a r - c l a s s e s ) o f  t h e  m a l e s  a n d  93% o f  t h e  f e m a l e s  i n  
t h e  R a p p a h a n n o c k  R i v e r  a r e  r e c r u i t e d  a t  I I I  a n d  IV ,  w h i l e  i n  t h e  
P o to m ac  R i v e r  r e c r u i t m e n t  i s  n e a r l y  c o m p l e t e  a t  IV ( T a b l e  6 ) .  
T h e r e f o r e ,  m o r t a l i t y  r a t e s  w e r e  p r i m a r i l y  e s t i m a t e d  f r o m  f i s h  o f  
a g e  IV a n d  o l d e r .  H o w e v e r ,  m o r t a l i t y  r a t e s  o f  f i s h -  o f  a g e  V 
o n w a r d  w e r e  a l s o  c o m p u t e d  f o r  c o m p a r i s o n .
E s t i m a t i o n  o f  T o t a l  M o r t a l i t i e s
D u r i n g  a y e a r  a n  e x p l o i t e d  f i s h  p o p u l a t i o n  i s  s u b j e c t  t o  
m o r t a l i t y  d e s i g n a t e d  b y  TTi TT ( i n s t a n t a n e o u s  t o t a l  m o r t a l i t y  r a t e ) .
I n  t h e  f i s h i n g  s e a s o n  t h e  f i s h  g r o u p  i s  s u b j e c t  t o  f i s h i n g  m o r t a l i t y  
Ttp Tr ( i n s t a n t a n e o u s  n a t u r a l  m o r t a l i t y  r a t e ) .  The r e l a t i o n s h i p  o f  
t h e s e  p a r a m e t e r s  i s  g i v e n  b y  t h e  e q u a t i o n :
p + q  = i  ( 1 )
I f  we b e g i n  w i t h  a g i v e n  n u m b e r  o f  f i s h  i n  t h e  f i r s t  y e a r
o f  t h e  e x p l o i t e d  p h a s e  a n d  t h e  f i s h  a r e  s u b j e c t  t o  c o n s t a n t  
f i s h i n g  a n d  n a t u r a l  m o r t a l i t y  r a t e s  f o r  a  p e r i o d  o f  y e a r s ,  t h e  
d i f f e r e n c e  b e t w e e n  t h e  n a t u r a l  l o g a r i t h m s  o f  n u m b e r s  o f  f i s h  
p r e s e n t  a t  t h e  b e g i n n i n g  o f  two s u c c e e d i n g  y e a r s  i s  c o n s t a n t  a n d  
e q u a l  t o  T,i TT ( R i c k e r ,  1 9 5 8 )  g i v e n  b y  t h e  e q u a t i o n :
L ° g e Nt + 1  -  L o g e N't  = - i  ( 2 )
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The  same r e l a t i o n s h i p  h o l d s  i f  Nt  a n d  a r e  r e p l a c e d  i n  t h e
e q u a t i o n  a b o v e  b y  a p r o p o r t i o n a l  i n d e x  o f  a b u n d a n c e ,  e . g .  c a t c h  
p e r  u n i t  o f  e f f o r t ,  p r o v i d e d  t h a t  m o r t a l i t y  d o e s  n o t  v a r y  w i t h  
a g e  o f  t h e  f i s h  o r  t h e  p o p u l a t i o n  d e n s i t y  ( B e v e r t o n  a n d  H o l t ,
1 9 5 6 )  .
The  a p p l i c a t i o n  o f .f o r m u l a . ( 2 )  t o  d a t a  g i v e n  i n  T a b l e s  
7 - 1 2  p r o v i d e d  e s t i m a t e s  o f  i n s t a n t a n e o u s  t o t a l  m o r t a l i t y  r a t e s  o f  
t h e  19 6 1  y e a r - c l a s s  a n d  t h e  1965 s p a w n i n g - c l a s s  f o r  t h e  y e a r  1965 
t h r o u g h  1 9 6 9 .  A v e r a g e  m o r t a l i t y  r a t e s  o f  t h e  y e a r - c l a s s  a n d  
s p a w n i n g - c l a s s  w e r e  c a l c u l a t e d  b y  t a k i n g  t h e  g e o m e t r i c  m e an s  o f .  
a l l  t h e  e s t i m a t e s ,  w h e n e v e r  p o s s i b l e .  A l t h o u g h  t h e  g e o m e t r i c  mean 
i s  a p p r o p r i a t e  when i t  i s  r a t i o s  o r  i n d i c e s  t h a t  a r e  b e i n g  a v e r a g e d ,  
t h e  c a l c u l a t i o n  o f  t h i s  s t a t i s t i c  was  i m p o s s i b l e  i n  some c a s e s  
b e c a u s e  o f  n e g a t i v e  v a l u e s ,  p r o b a b l y  c a u s e d  b y  s a m p l i n g  e r r o r s .
F o r  t h i s  r e a s o n ,  a r i t h m e t i c  m e a n s  w e r e  a l s o  c a l c u l a t e d  ( T a b l e s  7 - 1 2 ) .  
B u t ,  i n  e s t i m a t i n g  m o r t a l i t y  f r o m  t h e  a r i t h m e t i c  m ean  o f  a s e r i e s  
o f  r a t i o s ,  w e ,  i n  e f f e c t ,  u s e  d a t a  f o r  o n l y  t h e  o l d e s t  a n d  y o u n g e s t  
a g e  i n  s a m p l e s  w h i c h  may n o t  b e  t r u l y  r e p r e s e n t a t i v e .  As shown i n  
T a b l e s  13 a n d  1 4 ,  e s t i m a t e s  o f  t h e  m o r t a l i t y  r a t e  d e r i v e d  b y  u s i n g  
e a c h  o f  t h e  c o m b i n a t i o n s  o f  d a t a  d i f f e r  n o t a b l y  i n  m o s t  c a s e s .  
T h e r e f o r e ,  f o r  b i o l o g i c a l  r e a s o n s  p o i n t e d  o u t  e a r l i e r ,  t h e  c o m b i ­
n a t i o n  o f  a g e  a n d  s p a w n i n g  h i s t o r y  w as  u s e d  t o  e s t i m a t e  t o t a l  
a n n u a l  m o r t a l i t y  a n d  i t s  c o m p o n e n t s .
Chapman a n d  R o b so n  ( 1 9 6 0 )  show ed  t h a t  a n  e s t i m a t e  o f  s u r v i v a l  
r a t e  may b e  - d e r i v e d  f r o m  a c a t c h  c u r v e  f o r  a s i n g l e  s e a s o n  
a s s u m i n g  t h a t  y e a r - c l a s s  s t r e n g t h  a n d  m o r t a l i t y  r a t e s  a r e  c o n s t a n t  
f r o m  y e a r - t o - y e a r .  T h e s e  s i m p l i f y i n g  a s s u m p t i o n s  a r e  r a r e l y  s a t i s ­
f i e d  i n  n a t u r e .  H o w e v e r ,  a n  a v e r a g e  t o t a l  m o r t a l i t y  may b e  d e d u c e d
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f r o m  s a m p l e s  c o m b i n e d  o v e r  s e v e r a l  y e a r s  ( R i c k e r ,  1 9 5 8 ) .
A c c o r d i n g  t o  Chapman a n d  R o b so n  t h e  b e s t  e s t i m a t e  o f  a n n u a l  
s u r v i v a l  r a t e  i s  c o m p u te d  f r o m  t h e  f o r m u l a :
S = T / n  + T - l  ( 3 )
w h e r e  tTS Tf d e n o t e s  t h e  s u r v i v a l  r a t e ,  ttTtt r e p r e s e n t s  t h e  sum o f
+ 2 N2 + 3 = . . . .  + r  Nr , TrNTT d e s i g n a t e s  n u m b e r  o f  i n d i v i d u a l s
i n  e a c h  s u c c e s s i v e  a g e  g r o u p  o r  s p a w n i n g - g r o u p ,  a n d TTn TT d e s i g n a t e s  
s a m p l e  s i z e .  I n  t h i s  p r o c e d u r e ,  t h e  i n i t i a l  a g e  u s e d  m u s t  b e  
c o d e d  a s  a g e  z e r o ,  t h e  s e c o n d ^ a s  a g e  1 ,  t h e  t h i r d  a s  a g e  2 ,  a n d  
s o  o n .
S u r v i v a l  r a t e s  w e r e  c o m p u t e d  b y  t h e  a p p l i c a t i o n  o f  t h e  c o m b i n e d  
s a m p l e  d a t a  f r o m  f i v e  y e a r s  ( T a b l e s  1 5 ,  16 )  t o  t h e  f o r m u l a  ( 3 ) .
T h e s e  v a l u e s  a r e  g i v e n  i n  T a b l e s  17 an d  1 8 .
M o r t a l i t y  r a t e s  e s t i m a t e d  b y  t h e  two m e t h o d s  a r e  n o t a b l y  
d i f f e r e n t  i n  m o s t  c a s e s ,  c o n s i d e r i n g  e i t h e r  t h e  g e o m e t r i c  o r
a r i t h m e t i c  m e a n s  ( T a b l e s  1 9 ,  2 0 ) .  B u t ,  t h e  m e t h o d  o f  r a t i o s
e s t i m a t e d  t h e  mean t o t a l  m o r t a l i t y  o f  o n e  y e a r - c l a s s  w h i l e ,  t h e  
m e t h o d  o f  Chapman a n d  R o b so n  e s t i m a t e d  t h e  a v e r a g e  t o t a l  m o r t a l i t y  . 
o f  s e v e r a l  y e a r - c l a s s e s  o v e r  a p e r i o d  o f  f i v e  y e a r s .  T h e r e f o r e  
t h e  d i f f e r e n c e  i s  t o  b e  e x p e c t e d  b e c a u s e  f l u c t u a t i o n s  i n  y e a * r - c l a s s  
s t r e n g t h  p r o b a b l y  h a v e  n o t  a v e r a g e d  o u t  i n  t h e  c o m b i n e d  d a t a  o v e r  
f i v e  y e a r s .  S i n c e  v a r i a t i o n  i n  y e a r  t o  y e a r  r e c r u i t m e n t  i s  o f t e n  
l a r g e  ( R i c k e r ,  1 9 4 0 ) ,  t h e  c a l c u l a t e d  mean m o r t a l i t y  o f  a s i n g l e  
y e a r - c l a s s  o r  s p a w n i n g - c l a s s  may b e  t h e  b e s t  e s t i m a t e .  M o r t a l i t y  
r a t e s  c o m p u t e d  by  t h e  m e t h o d  o f  s u c c e s s i v e  r a t i o s  a r e  e x t r e m e l y  
v a r i a b l e  f r o m  y e a r  t o  y e a r  ( T a b l e ’s 7 - 1 2 ) .  S u c h  e x t e n s i v e  v a r i a t i o n s  
r e d u c e  c o n f i d e n c e  i n  t h o s e  e s t i m a t e s .  A s m a l l  s a m p l i n g  e r r o r  i n  
a f i s h  g r o u p  r e p r e s e n t e d  b y  a s m a l l  s a m p l e  may g r e a t l y  a f f e c t  t h e
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m ean  v a l u e  o f  m o r t a l i t y .  T h u s  t h i s  m e t h o d  w as  a p p l i e d  t o  d a t a  
w h i c h  w e r e  c o m b i n e d  i n  o r d e r  t o  r e d u c e  s a m p l i n g  e r r o r .  S u c h  d a t a ,  
t a k e n  f r o m  T a b l e s  21 a n d  2 2 ,  a n d  u s e d  i n  f o r m u l a  ( 2 )  p r o v i d e d  
v a l u e s  o f  t o t a l  m o r t a l i t y  o f  a l l  t h e  s p a w n e r s  i n  1965 b y  f o l l o w i n g  
t h e  d e c l i n e  o f  t h e i r  a b u n d a n c e  o v e r  t h e  p e r i o d  u n d e r  c o n s i d e r a t i o n  
( 1 9 6 5 - 1 9 6 9 )  a s  shown i n  T a b l e s  23 a n d  2 4 .
M o r t a l i t y  r a t e s  o f  t h e  f i s h  g r o u p s  ( I I I - Q )  ja n d - a r e  v e r y  c l o s e
t o  t h o s e  c a l c u l a t e d  b y  t h e  m e t h o d  o f  Chapman a n d  R obson  f o r
t h e  f i s h  g r o u p s  ( I V - 0 )  a n d  ( T a b l e  2 5 ) .  H o w e v e r ,  c l o s e  a g r e e m e n t
d o e s  n o t  e s t a b l i s h  t h e  v a l i d i t y  o f  r e s u l t s  b e c a u s e  t o t a l  m o r t a l i t y
~ir
o f  t h e  f i s h  g r o u p s  ( I I I - O )  •&& &  i n v o l v e s  a g e - g r o u p s  w h i c h  a r e  n o t  
f u l l y  r e c r u i t e d  ( a s c e n d i n g  l e f t  l i m b  o f  t h e  c a t c h  c u r v e ) .
“tT o t a l  m o r t a l i t y  r a t e s  c o m p u t e d  f r o m  f i s h  g r o u p s  ( I V - 0 )
( d e s c e n d i n g  r i g h t  l i m b  o f  t h e  c a t c h  c u r v e )  a s  shown i n  T a b l e s  26
a n d  27 r e v e a l e d  t h a t  t h e  m e t h o d  o f  r a t i o s  p r o d u c e d  g r e a t e r  v a l u e s  
f o r  m a l e s  a n d  s l i g h t l y  g r e a t e r  v a l u e s  f o r  f e m a l e s  ( T a b l e  28 )  t h a n  
d i d  t h e  Chapman a n d  R o b so n  m e t h o d .  The  m e t h o d  o f  r a t i o s  h a s  b e e n  
a p p l i e d  t o  d a t a  w h i c h  d i f f e r  s u b s t a n t i a l l y  f r o m  t h o s e  i n  t h e  o t h e r  
m e t h o d ,  e s p e c i a l l y  i n  t h e  s p a w n i n g  h i s t o r y ,  w h i c h  may g r e a t l y  
a f f e c t  m o r t a l i t y  e s t i m a t e s .  C o n s i d e r i n g  t h e  e f f e c t  o f  s p a w n i n g ,  
i t  i s  r e a s o n a b l e  f o r  t h e  m e t h o d  o f  r a t i o s ,  t o  p r o v i d e  g r e a t e r  v a l u e  
o f  m o r t a l i t y  b e c a u s e  e a c h  f i s h  g r o u p  u s e d  i n  t h i s  m e t h o d  h a s  b e e n  
a f f e c t e d  much m o r e  b y - t h e  s p a w n i n g  h i s t o r y  o f  t h e  f i s h  i n v o l v e d  
t h a n  i n  t h e  m e t h o d  o f  Chapman a n d  R o b s o n .
As a g e  i n c r e a s e s  t h e  a b u n d a n c e  o f  m a l e s  r e l a t i v e  t o  f e m a l e s
d e c r e a s e s  a n d  i n  o l d e r  f i s h  f e m a l e s  show a d i s t i n c t  d o m i n a n c e  
( F i g .  3 ) .  The  m e t h o d  o f  r a t i o s  d e p e n d s  g r e a t l y  a n d  e q u a l l y  on
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a l l  f i s h  g r o u p s  c o n s i d e r e d . ,  w h e r e a s  t h e  Chapman a n d  R o b so n  m e t h o d  
i s  l e s s  d e p e n d e n t  o n  o l d e r  a g e - g r o u p s .  T h e r e f o r e  d i f f e r e n c e  i n  
m o r t a l i t y  e s t i m a t e s  b y  t h e  two m e t h o d s  i s  e x p e c t e d  t o  b e  s m a l l e r  
f o r  f e m a l e s  t h a n  f o r  m a l e s .
Two m e t h o d s  c a n n o t  b e  c o m p a r e d  e x c e p t  b y  a p p l y i n g  them t o
t h e  same d a t a .  I n  t h i s  c a s e  t h e  d a t a  a r e  s i m i l a r  b u t  d i f f e r  i n
some r e s p e c t s .  The m e thod ,  o f  Chapman a n d  R o b so n  was  a p p l i e d  t o
f i v e - y e a r  a v e r a g e s  o f  t h e  f o l l o w i n g  c o m b i n a t i o n s  o f  a g e  a n d  s p a w n i n g
h i s t o r y :  I V - 0 ,  V - l ,  V I - 2 ,  V I I - 3 ,  a n d  V I I I - 4 .  The  f i s h  w h i c h
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f i r s t  s p aw n e d  a t  a g e  I I I  a n d  a t  a g e  V w e r e  e l i m i n a t e d  f r o m  
c o n s i d e r a t i o n  b y  t h i s  m e t h o d .  H o w ev e r ,  t h e  m e t h o d  o f  r a t i o s  
i n c l u d e d  a l l  f i s h  o f  a g e  IV a n d  o l d e r  i n  1 9 6 5 ,  a l l  o f  a g e  V a n d  o l d e r  
i n  1 9 6 6 ,  a n d  so  o n .
M o r t a l i t y  r a t e s  e s t i m a t e d  by  t h e  m e t h o d  o f  r a t i o s  ( T a b l e s  
2 9 ,  30)  w e r e  g r e a t e r  t h a n  t h o s e  o b t a i n e d  w i t h  t h e  Chapman a n d  R o b ­
s o n  m e t h o d ,  f o r  b o t h  s e x e s  ( T a b l e  3 1 ) .
The two m e t h o d s  o f  e s t i m a t i n g  a n n u a l  m o r t a l i t y  r a t e  a r e  o f  
e q u a l  v a l u e .  H o w ev e r ,  n e i t h e r  e s t i m a t e  i s  . u n b i a s e d .  F l u c t u a t i o n s  
i n  y e a r - c l a s s  a b u n d a n c e  c a u s e s  a n  o c c a s i o n a l  n e g a t i v e  e s t i m a t e  
o f  m o r t a l i t y  b y  t h e  m e t h o d  o f  s u c c e s s i v e  r a t i o s  ( T a b l e - 1 1 ) .
C o m b in in g  t h e  s a m p l e s ,  o v e r  t h e  f i v e - y e a r  p e r i o d  r e d u c e d  t o  some 
e x t e n t  t h e  i r r e g u l a r i t i e s  c a u s e d  by  u n s t a b l e  r e c r u i t m e n t .
When e s t i m a t i n g  m o r t a l i t y  f r o m  a c a t c h  c u r v e  ( m e t h o d  o f  
Chapman a n d  R o b s o n )  o n e  m u s t  r e a l i z e  t h a t  t h e  c u r v e  r e p r e s e n t s  
t h e  b a l a n c e  o f  y e a r - c l a s s  s t r e n g t h ,  a g e  a t  m a t u r i t y ,  a n d  m o r t a l i t y .  
Any p a r t  o f  t h e  c u r v e  r e f l e c t s  a l l  t h r e e  f a c t o r s  a n d  d o e s  n o t  
r e p r e s e n t  t h e  m o r t a l i t y  c u r v e  a l o n e  ( N i k o l s k i i ,  1 9 6 9 ) .  H o w ev e r ,
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b e c a u s e  m o r t a l i t y  p r i m a r i l y  d e t e r m i n e s  a . p o p u l a t i o n  c u r v e ,  a n  
a p p r o x i m a t i o n  o f  t o t a l  m o r t a l i t y  c a n  b e  e s t i m a t e d  f r o m  t h e  a v e r a g e  
a b u n d a n c e  o f  f i s h  i n  s u c c e s s i v e  y e a r s  i f  n a t u r a l  m o r t a l i t y -  i s  
f a i r l y  c o n s t a n t  o v e r  t h e  p e r i o d  u n d e r  c o n s i d e r a t i o n  ( B e v e r t o n  
a n d  H o l t ,  1 9 5 6 ) .
S i n c e  t h e  Chapman a n d  R o b s o n  m e th o d  i s .  l e s s  d e p e n d e n t  on  o l d e r  
f i s h  g r o u p s  t h a n  t h e  m e t h o d  o f  r a t i o s ,  t h e  f o r m e r  m e t h o d  i s  l e s s  
s e n s i t i v e  t o  s a m p l i n g  e r r o r s ; h o w e v e r ,  r e l i a b l e  e s t i m a t e s  r e q u i r e  
s e v e r a l  a g e  g r o u p s .  F u r t h e r m o r e ,  b o t h  m e t h o d s  r e q u i r e  a c o n s t a n t  
s u r v i v a l  r a t e  w i t h  a g e  a n d  t i m e ,  w h i c h  i s  u s u a l l y  f a r  f r o m  b e i n g  
t h e  c a s e .
A c o n c l u s i o n  f ro m  t h e  f o r e g o i n g  d i s c u s s i o n s  i s  t h a t  a n  a v e r a g e  
o f  t h e  t o t a l  m o r t a l i t y  r a t e s  o b t a i n e d  b y  t h e  two m e t h o d s  i s  t h e  
m o s t  r e l i a b l e  e s t i m a t e .  S u ch  a v e r a g e  e s t i m a t e s  o f  m o r t a l i t y  r a t e  
o f  a l e w i v e s  i n  t h e  R a p p a h a n n o c k  R i v e r  a r e  59 .4% f o r  m a l e s  a n d  
55 .6% f o r  f e m a l e s .  I n  t h e  P o to m ac  R i v e r  t h e  v a l u e  f o r  t h i s  
p a r a m e t e r  i s  55.8% f o r  m a l e s  a n d  51.3% f o r  f e m a l e s .
A l t h o u g h  m o r t a l i t y  r a t e  w as  a s s u m e d  t o  b e  c o n s t a n t  w i t h  a g e ,  
t h i s  d o e s  n o t  seem t o  b e  t r u e  ( T a b l e  3 1 ) .  I n  b o t h  r i v e r s  a n d  b y  
b o t h  m e t h o d s  t o t a l  m o r t a l i t y  r a t e  a p p e a r s  t o  b e  much g r e a t e r  f o r  
f i s h  o f  g r o u p s  ( V - l ) +  t h a n  t h o s e  o f  ( I V - 0 ) -+ .  Thus  i n  t h e  a l e w i f e ,  
m o r t a l i t y  r a t e  a p p e a r s  t o  i n c r e a s e  w i t h  a g e .  From T a b l e  31 i t  
may a l s o  b e  c o n c l u d e d  t h a t  t o t a l  a n n u a l  m o r t a l i t y  r a t e s  a r e  
g r e a t e r  f o r  m a l e s  t h a n  f o r  f e m a l e s .  T h e r e  i s  a d i f f e r e n c e  b e t w e e n  
s e x e s  i n  t h e  t i m e  o f  r u n  f o r  s p a w n i n g  ( T a b l e s  5 ,  6 ) ,  t h u s  v a r i a t i o n s  
i n  t i m e  o f  s t a r t i n g  an d  e n d i n g  f i s h i n g  o p e r a t i o n s  e a c h  y e a r  may.  
c a u s e  t h e  d i f f e r e n c e  i n  m o r t a l i t y  e s t i m a t e s ,  h o w e v e r ,  i t  i s  p r o b a b l e
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t h a t  t h e  d i f f e r e n c e  i n  m o r t a l i t y  b y  s e x  i s  t h e  t r u e  s i t u a t i o n .
E s t i m a t i o n  o f  N a t u r a l  a n d  F i s h i n g  M o r t a l i t i e s
To s e p a r a t e  n a t u r a l  m o r t a l i t y  f r o m  f i s h i n g  m o r t a l i t y  t h e  
m e t h o d  o f  S i l l i m a n  ( 1 9 4 3 )  was  u s e d .  T h i s  m e t h o d  i s  b a s e d  on  t h e  
c o m p a r i s o n  o f  t h e  i n s t a n t a n e o u s  t o t a l  m o r t a l i t y  r a t e s  a t  two p e r i o d s .  
The m e t h o d  i s  a l s o  a p p l i c a b l e  when t h e r e  a r e  o n l y  two c o n s e c u t i v e  
y e a r s  a t  e a c h  s t a b l e  l e v e l  o f  e f f o r t  ( R i c k e r ,  1 9 5 8 ) .  F i s h i n g  e f f o r t  
m u s t  c h a n g e  f r o m  o n e  s t a b l e  l e v e l  t o  a n o t h e r  an d  m u s t  b e  l a r g e  e n o u g h  
t o  p r o d u c e  m e a s u r a b l e  c h a n g e s  i n  e s t i m a t e s  o f  t o t a l  m o r t a l i t y .  N a t u r a l  
m o r t a l i t y  " q TT m u s t  r e m a i n  t h e  same u n d e r  b o t h  r e g i m e s  a n d  t h e  r a t e  o f  
f i s h i n g  T,p TT m u s t  s t a y  p r o p o r t i o n a l  t o  t h e  f i s h i n g  e f f o r t  Ttf TT ( R i c k e r ,  
1 9 5 8 ) .  I n  t h e  r i v e r  h e r r i n g  f i s h i n g  e f f o r t  i s  n o t  s t a b l e  d u r i n g  a 
f i s h i n g  s e a s o n ,  b u t  b e c a u s e  t h e  s e a s o n  i s  s h o r t ,  i t  may b e  a s s u m e d  
t h a t  e f f o r t  i s  s t a b l e .  A l s o ,  n a t u r a l  m o r t a l i t y  may b e  a s s u m e d  
c o n s t a n t  a t  l e a s t  f o r  a l i m i t e d  r a n g e  o f  y e a r s  u n d e r  s t a b l e  w e a t h e r  
c o n d i t i o n s .  The  r a t e  o f  f i s h i n g ,  o n  t h e  o t h e r  h a n d ,  i s  l i k e l y  t o  b e  
p r o p o r t i o n a l  t o  t h e  f i s h i n g  e f f o r t  b e c a u s e  i n  a p o u n d - n e t  f i s h e r y  t h e  
c a t c h a b i l i t y  c o e f f i c i e n t  may b e  c o n s i d e r e d  c o n s t a n t  i f  t h e  w e a t h e r  
d o e s  n o t  c h a n g e  much f r o m  y e a r - t o - y e a r .
C o m p u t a t i o n s  f o r  e s t i m a t i n g  n a t u r a l  a n d  f i s h i n g  m o r t a l i t i e s  
w i t h  S i l l i m a n Ts m e t h o d  w e r e  s i m p l i f i e d  b y  R i c k e r  ( 1 9 4 5 c )  u s i n g  
i n s t a n t a n e o u s  r a t e s ,  a s  f o l l o w s :
P l  + q = i l  
p 2 + q = i 2 
P l  /  P2 = f  p / f  2 6
4
5
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The  i n s t a n t a n e o u s  m o r t a l i t y  r a t e s  Tti^_n and  ” ± 2 V w e r e  e s t i m a t e d  f r o m  
t h e  s u r v i v a l  r a t e s  TTS ^ ,f a n d  ,TS2TT w h ic h ,  w e r e  c o m p u te d  u s i n g  J a c k s o n Ts 
( 1 9 3 9 )  f o r m u l a :
S = (Nb + Nc ---------+ N j )  2 7
(Na + N b   + N i ) 1
w h e r e  T,NtT d e n o t e s  t h e  i n d e x  o f  a b u n d a n c e  ( c a t c h  p e r  e f f o r t )  a n d  t h e
s u b s c r i p t s  a ,  b ,  c ,  e t c . ,  r e f e r  t o  a g e - g r o u p  o r  s p a w n i n g - g r o u p  w h i l e
1 a n d  2 r e f e r  t o  t h e  two s u c c e s s i v e  y e a r s  c o m p a r e d .
S a m p l e s  f r o m  t h e  R a p p a h a n n o c k  R i v e r  i n  1 9 6 7 ,  1 9 6 8 ,  an d  1 9 6 9 ,  and  
f r o m  t h e  P o to m ac  R i v e r  i n  1 9 6 5 ,  1 9 6 6 ,  an d  1967 w e r e  c h o s e n  f o r  t h e  
e s t i m a t e s  a b o v e  b e c a u s e  d a t a  o f  t h o s e  y e a r s  g i v e n  i n  T a b l e  32 m e t  
p r e r e q u i s i t e s  o f  S i l l i m a n Ts m e t h o d .
A l t h o u g h  t h e r e  w as  no  l a r g e  c h a n g e  o f  f i s h i n g  e f f o r t  i n  t h e  
R a p p a h a n n o c k  R i v e r ,  d a t a  f r o m  T a b l e  32 p r o v i d e d  r e a s o n a b l e  m e a s u r e s  
o f  n a t u r a l  an d  f i s h i n g  m o r t a l i t i e s .  I n  t h e  P o to m a c  R i v e r ,  on  t h e  
o t h e r  h a n d ,  t h e  c h a n g e  o f  f i s h i n g  e f f o r t  was  l a r g e  e n o u g h  t o  p r o d u c e  
m e a s u r a b l e  c h a n g e s  o f  t o t a l  m o r t a l i t y .  D a t a  u s e d  t o  c a l c u l a t e  f i s h i n g  
m o r t a l i t y  and  n a t u r a l  m o r t a l i t y  a r e  p r e s e n t e d  i n  T a b l e s  33 a n d  3 4 .
N a t u r a l  m o r t a l i t y  r a t e  i s  g r e a t e r  f o r  m a l e s  t h a n  f e m a l e s  i n  
b o t h  r i v e r s  a n d  i s  g r e a t e r  i n  b o t h  s e x e s  i n  t h e  P o to m a c  . R i v e r  t h a n  
t h e  R a p p a h a n n o c k  R i v e r  ( T a b l e  3 5 ) .  The f i v e - y e a r  a v e r a g e s  o f  f i s h i n g  
m o r t a l i t i e s  do  n o t  d i f f e r  b e t w e e n  s e x e s  - in  t h e  R a p p a h a n n o c k  R i v e r  b u t  
d i f f e r  s i g n i f i c a n t l y  i n  t h e  P o to m ac  R i v e r .  The l a t t e r  i s  l i k e l y  d u e  
t o  t h e  f a c t  t h a t  t h e  f i s h i n g  s e a s o n s  i n  1965 a n d  1966 s t a r t e d  e a r l i e r  
a n d  a l s o  e n d e d  e a r l i e r  t h a n  i n  t h e  n e x t  y e a r s  ( F i g .  3 ) .  Many f e m a l e  
f i s h  w e r e  p r o b a b l y  l o s t  f r o m  t h e  c a t c h  o f  1965 a n d  1966 b e c a u s e  m a l e s  
a r e  m o r e  a b u n d a n t  a t  t h e  b e g i n n i n g  o f  t h e  s e a s o n  w h e r e a s  f e m a l e s  
p r e d o m i n a t e  a t  t h e  end  o f  t h e  s e a s o n  ( T a b l e s  4 ,  5 ) .
19
S i l l i m a n ’ s m e t h o d  a p p l i e s  o n l y  t o  t h e  e x t e n t  t o  w h i c h  t h e  b a s i c  
a s s u m p t i o n s  h o l d  t r u e ,  a n d  t h e  e s t i m a t e s  a b o v e  may b e  s u b j e c t  t o  
e r r o r s .  B u t ,  b e i n g  t h e  b e s t  a v a i l a b l e ,  t h e y  w i l l  b e  u s e d  i n  t h e  n e x t  
s e c t i o n  t o  e s t i m a t e  p o p u l a t i o n  s i z e s .
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POPULATION SIZE
I n  e x p l o i t e d  f i s h  p o p u l a t i o n s  f i s h i n g  i s  a m a j o r  c a u s e  o f  
m o r t a l i t y ,  t h e r e f o r e  y e a r l y  c e n s u s e s  o f  t h e  c a t c h  p r o v i d e  i n f o r ­
m a t i o n  a b o u t  t h e  s i z e  o f  a y e a r - c l a s s ,  o r  s p a w n i n g - c l a s s . F r y  
( 1 9 4 9 )  d e f i n e s  a v i r t u a l  p o p u l a t i o n  e s t i m a t e  o f  a y e a r - c l a s s  a t  
a  g i v e n  a g e  a s  t h e  t o t a l  n u m b e r  o f  f i s h  c a u g h t  i n  s u b s e q u e n t  
y e a r s .  T h u s  in .  e s t i m a t i n g  t h e  v i r t u a l  s i z e  o f  a y e a r - c l a s s  o f  
a l e w i v e s  a t  t i m e  o f  r e c r u i t m e n t  i t  i s  n e c e s s a r y  t o  know t h e  t o t a l  
c a t c h  f r o m  t h a t  y e a r - c l a s s  u n t i l  i t  h a s  b e e n  f i s h e d  t o  e x t i n c t i o n .  
I f  i n s t a n t a n e o u s  f i s h i n g  m o r t a l i t y  r a t e  a n d  i n s t a n t a n e o u s  t o t a l  
m o r t a l i t y  r a t e  a r e  known r e f i n e m e n t  o f  t h e  v i r t u a l  p o p u l a t i o n  
e s t i m a t e  i s  p o s s i b l e *
The  t o t a l  number,  o f  f i s h  t h a t  h a v e  d i e d  d u r i n g  a y e a r  
e q u a l s  N t  ( 1  -  e - 1 ) . The f r a c t i o n  P t / ^ t  ° f  t h e s e  d e a t h s  i s  
d u e  t o  f i s h i n g  m o r t a l i t y ,  t h e r e f o r e ,
w h e r e  "C^" r e p r e s e n t s  t h e  c a t c h  f r o m  t h e  y e a r - c l a s s  o r  s p a w n i n g -  
c l a s s  o n  h a n d  a t  a g e  " t " ,  a n d  TTP t TT a n d  TTi t " d e s i g n a t e  t h e  i n s t a n ­
t a n e o u s  f i s h i n g  a n d  t o t a l  m o r t a l i t i e s  r e s p e c t i v e l y  a t  a g e  TTt TT. 
r,N^Tt a n d  tfN^-+^ Tf d e n o t e  t h e  n u m b e r  o f  a l e w i v e s  e n t e r i n g  a r i v e r  
s y s t e m  a t  a g e  " t tT a n d  o n e  y e a r  l a t e r  r e s p e c t i v e l y .  I f  TTDt " 
d e s i g n a t e s  t h e  i n v e r s e  o f  t h e  f r a c t i o n  o f  t o t a l  d e a t h s  r e s u l t i n g  
f r o m  c a p t u r e ,  t h e n :
Ct  = P t  N t  d  -  e - 1 ) = p t  (Nt  -  Nt + 1 )
T ---
( 8 )
(9)
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I f  f& TT s p e c i f i e s  t h e  o l d e s t  f i s h  c a u g h t  f r o m  a y e a r - c l a s s  o r  s p a w n i n g  
c l a s s  t h e  v i r t u a l  p o p u l a t i o n  o f  t h i s  f i s h  g r o u p  c a n  b e  e s t i m a t e d  b y  
summing t h e  t e r m s  o f  ( 9 )  f r o m  a g e  " t TT t h r o u g h  a g e  nn"  a s  f o l l o w s :  
n
2 C . D .  = -  Nn  10
3 3
t  = ( 3  o r  0)
I f  t h e  g r o u p  i n  q u e s t i o n  h a s  b e e n  f i s h e d  t o  e x t i n c t i o n ,  so  t h a t  
Nn = 0 ,  t h e n ,
n
2 C-D • = N f  11
t  = ( 3 o r  0)
T h i s  e q u a t i o n ,  d e v e l o p e d  b y  P a l o h e i m o  ( 1 9 5 8 ) ,  c a n  b e  u s e d  t o  e s t i m a t e  
t h e  s i z e  o f  a y e a r - c l a s s  o r  s p a w n i n g - c l a s s  a t  t i m e  o f  r e c r u i t m e n t  i f  
t h e  r a t e  o f  e x p l o i t a t i o n  i s  t h e  same a t  a l l  a g e s  a f t e r  r e c r u i t m e n t .
An e s t i m a t e  o f  y e a r - c l a s s  s t r e n g t h  i s  o b v i o u s l y  d e p e n d e n t  on 
t h e  n u m b e r  o f  f i s h  e n t e r i n g  a r i v e r ;  s i n c e  e x p l o i t a t i o n  o f  a y e a r -  
c l a s s  b e g i n s  a t  a g e  I I I  an d  a l l  f i s h  a r e  r e c r u i t e d  a t  a g e  V, t h e  
v a r i a b l e  p e r c e n t a g e  o f  f i s h  r e c r u i t e d  a t  I I I  an d  IV i s  t h e  w eak  
p o i n t  o f  t h e  e s t i m a t e .  S o ,  t h e  g r e a t e r  t h e  p e r c e n t a g e  o f  f i s h  
r e c r u i t e d  a t  t h e s e  a g e s  t h e  m o r e  r e l i a b l e  t h e  r e s u l t s .
H o w e v e r ,  t h e  m e th o d  a b o v e  c a n  p r o v i d e  a g o o d  e s t i m a t e  o f  ' t h e  
s i z e  o f  a s p a w n i n g - c l a s s .  The s i z e  o f  t h e  1965 s p a w n i n g - c l a s s  was  
c o m p u t e d  u s i n g  f o r m u l a  1 1 .  The c o m p o s i t i o n  o f  t h e  t o t a l  c a t c h  w i t h  
r e g a r d  t o  s p a w n i n g  h i s t o r y  was  d e r i v e d  f r o m  e x p a n s i o n  o f  s a m p l e  d a t a ,  
a n d  t h e  v a l u e s  o f  i n s t a n t a n e o u s  t o t a l  an d  f i s h i n g  m o r t a l i t i e s  w e r e  
o b t a i n e d  b y  t h e  m e t h o d  o f  S i l l i m a n  ( T a b l e s  3 3 - 3 5 ) .
As shown i n  T a b l e s  36 an d  37 t h e  s i z e  o f  t h e  1965 s p a w n i n g - c l a s s  
w as  a b o u t  2 . 1  m i l l i o n  a n d  7 . 5  m i l l i o n  f i s h  i n  t h e  R a p p a h a n n o c k  a n d
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P o to m a c  R i v e r s  r e s p e c t i v e l y .  The  f o r e g o i n g  p o p u l a t i o n  s i z e s  a r e
u n d e r e s t i m a t e d  b e c a u s e  t h e  s p a w n i n g - c l a s s  w as  s t u d i e d  b e f o r e  i t
b e c a m e  e x t i n c t .  T h e r e f o r e ,  f o r  a b e t t e r  e s t i m a t e ,  we m u s t  a d d  t o
t h e  a b o v e  f i g u r e s  t h e  e s t i m a t e d  n u m b e r s  o f  f i s h  s t i l l  a l i v e .  To
d o  s o ,  P a l o h e i m o Ts ( 1 9 5 8 )  f o r m u l a  12 c a n  b e  u s e d  i f  t o t a l  m o r t a l i t y
i s  t h e  same f o r  a t  l e a s t  t h e  two f i s h  g r o u p s  c o n s i d e r e d ' .
n
-Z i
Cn + 1  = C0 e  °  12
w h e r e  TTCTT i s  t h e  c a t c h  a n d  t h e  s u b s c r i p t s  0 ,  1 ,  a n d  n d e n o t e  s p a w n i n g
g r o u p s .
F o r  t h e  R a p p a h a n n o c k  R i v e r  t h e  e s t i m a t e d  a m o u n t  o f  f i s h  s t i l l  
a l i v e  d o e s  n o t  c h a n g e  n o t a b l y  t h e  m a g n i t u d e  o f  t h e  p o p u l a t i o n  s i z e  
a b o v e ,  w h i l e  f o r  t h e  P o to m ac  R i v e r  t h e  s p a w n i n g - c l a s s  i n  q u e s t i o n  
a p p e a r s  t o  h a v e  becom e  e x t i n c t .
C o n s i d e r i n g  t h e  p o p u l a t i o n  s i z e  i n  p o u n d s  t h e  a b o v e  s p a w n i n g - 
c l a s s e s  w e i g h e d  a t  t i m e  o f  r e c r u i t m e n t  a b o u t  1 . 1  m i l l i o n  a n d  3 . 4  
m i l l i o n  p o u n d s  i n  t h e  R a p p a h a n n o c k  an d  P o to m ac  r i v e r s  r e s p e c t i v e l y .
A n o t h e r  a p p r o a c h  i n  e s t i m a t i n g  p o p u l a t i o n  s i z e s  was made u s i n g  
t h e  f o l l o w i n g  m e t h o d  b a s e d  on e s t i m a t e s  o f  t h e  r a t e  o f  e x p l o i t a t i o n  
nu " . The  - s p a w n i n g  s e a s o n  o f  a l e w i v e s  may b e  c o u p l e d  w i t h  h e a v y  
n a t u r a l  m o r t a l i t i e s .  C o n s e q u e n t l y  i t  may b e  a s s u m e d  t h a t  n a t u r a l  
m o r t a l i t y  o c c u r s  o n l y  d u r i n g  t h e  f i s h i n g  s e a s o n  an d  i s  n e g l i g i b l e  
t h e  r e s t  o f  t h e  y e a r .  I f  t h i s  i s  t r u e ,  f i s h i n g  m o r t a l i t y  and  
n a t u r a l  m o r t a l i t y  a r e  d i s t r i b u t e d  p r o p o r t i o n a t e l y  w i t h i n  a y e a r ;  
t h e r e f o r e ,  t h e  f o l l o w i n g  e q u a t i o n  i s  a p p l i c a b l e  ( R i c k e r ,  1 9 5 8 ) :
i / a  -  p / u  13
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P r o v i d e d  t h a t  tri " ,  " a " ,  an d  ,rp "  h a v e  b e e n  c o m p u te d  f o r  a s p a w n i n g -  
c l a s s  i n  i t s  f i r s t  y e a r  o f  e x p l o i t a t i o n  ( T a b l e  3 5 ) ,  e q u a t i o n  13 c a n  
b e  s o l v e d  f o r  f,u !f, t h e n ,  i f  t h e  t o t a l  c a t c h  o f  t h i s  s p a w n i n g - c l a s s  
i n  t h a t  y e a r  i s  k now n ,  t h e  s t r e n g t h  o f  t h e  s p a w n i n g  c l a s s  a t  t i m e  o f  
r e c r u i t m e n t  c a n  b e  e s t i m a t e d .
A t  t h e  o p p o s i t e  e x t r e m e ,  R o u n s e f e l l  an d  E v e r h a r t  ( 1 9 5 3 ) ,  and  
R i c k e r  ( 1 9 5 8 )  s t a t e  t h a t  i f  a f i s h e r y  i s  r e s t r i c t e d  t o  a s h o r t  s e a s o n ,  
o n e  m i g h t  p o s t u l a t e  t h a t  f o r  p r a c t i c a l  p u r p o s e s  t h e r e  i s  n o  n a t u r a l  
m o r t a l i t y  d u r i n g  t h e  f i s h i n g  s e a s o n  p r o v i d e d  t h a t  t h e  f i s h  a r e  p r e ­
d o m i n a n t l y  a d u l t s  . I n  t h a t  c a s e ,  t h e  s e a s o n a l  r a t e  o f  f i s h i n g  m o r t a l i t y  
T,mTT b e c o m e s  t h e  r a t e  o f  e x p l o i t a t i o n  TTu TT. T h u s ,  u s i n g  R i c k e r Ts f o r m u l a :
m -  u ■■= 1 -  e~^  14
t h e  r a t e  o f  e x p l o i t a t i o n  c a n  b e  c o m p u t e d .
S i n c e  d i f f e r e n c e s  b e t w e e n  TTu TT v a l u e s  c a l c u l a t e d  b y  13 an d  14 ,  
a n d  t h e  c o r r e s p o n d i n g  p o p u l a t i o n  s i z e s  a r e  s m a l l  ( T a b l e  3 8 ) ,  we 
c a n  b e  r e a s o n a b l y  c e r t a i n  t h a t  t r u e  n a t u r a l  m o r t a l i t y  i s  som ew here  
b e t w e e n  t h e  o p p o s i t e  a s s u m p t i o n s .  T h e r e f o r e ,  i t . m a y  b e  r e a s o n a b l y  
s t a t e d  t h a t  t h e  b e s t  e s t i m a t e  o f  t h e  r a t e  o f  e x p l o i t a t i o n  i s  t h e  
a v e r a g e  v a l u e  o f  TTu TT c a l c u l a t e d  u n d e r  b o t h  c o n d i t i o n s  p r e s c r i b e d  
a b o v e .  The s i z e  o f  t h e  1965 s p a w n i n g - c l a s s  was  e s t i m a t e d  b y  t h e  
a p p l i c a t i o n  o f  a n  a v e r a g e  v a l u e  o f  " u TT t o  b e  t h e  f o l l o w i n g  f o r m u l a :
N =  C Q /  u 15
w h e r e  TTN TT i s  t h e  p o p u l a t i o n  s i z e  a n d  ,TC g TT i s  t h e  t o t a l  c a t c h  o f  t h e  
s p a w n i n g - c l a s s  i n  q u e s t i o n  d u r i n g  i t s  f i r s t  y e a r  o f  e x p l o i t a t i o n .
As shown i n  T a b l e  38 t h e  a v e r a g e  s i z e  o f  t h e  p o p u l a t i o n  was
a b o u t  1 . 8  m i l l i o n  a n d  7 . 0  m i l l i o n  f i s h  i n  t h e  R a p p a h a n n o c k  an d
P o to m a c  r i v e r s  r e s p e c t i v e l y .  T h e s e  v a l u e s  a r e  v e r y  c l o s e  t o  2 . 1  
m i l l i o n  a n d  7 . 5  m i l l i o n  f i s h  c o m p u te d  b y  t h e  P a l o h e i m o ' s  ( 1 9 5 8 )  m e t h o d .
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S i n c e  t h e  m e t h o d s  u s e d  i n  e s t i m a t i n g  p o p u l a t i o n  s i z e  a r e  q u i t e  
i n d e p e n d e n t , ,  t h e  a g r e e m e n t  a p p e a r s  s i g n i f i c a n t  a n d  t h e  e s t i m a t e s  
p r o b a b l y  a r e  c l o s e  t o  t h e  t r u e  v a l u e  o f  t h e  p a r a m e t e r .
25
CONCLUSIONS
G e n e r a l l y ,  i n  e s t i m a t i n g  m o r t a l i t i e s  a n d  p o p u l a t i o n  s i z e s  o n e  h a s  
a v a i l a b l e  a v a r i e t y  o f  t h e o r e t i c a l  m e t h o d s ,  b u t  o f t e n  t h e  g a p  b e t w e e n  
t h e o r y  a n d  m e a n i n g f u l  a p p l i c a t i o n  i s  w i d e .  I n  t h i s  s t u d y  t h e  m a j o r  
c a u s e s  o f  e r r o r  i n  e s t i m a t e s  w e r e  i n a d e q u a t e  s a m p l e  s i z e s  an d  an  
i n s u f f i c i e n t  n u m b e r  o f  s a m p l i n g  y e a r s .  A l s o  c e r t a i n  a s s u m p t i o n s  
i n h e r e n t  i n  e a c h  m e th o d  w e r e  n o t  t e s t e d .  T h e r e f o r e ,  e v e r y  p a r a m e t e r  
c o n s i d e r e d  w as  e s t i m a t e d  b y  a s  many m e t h o d s  a s  p o s s i b l e - .  No o n e  
m e t h o d  g i v e s  u n b i a s e d  e s t i m a t e s  o f  m o r t a l i t y  r a t e s  an d  p o p u l a t i o n  
s i z e s .  The b e s t  m e t h o d  i s  t h e  o n e  w h i c h  i s  l e a s t  s e n s i t i v e  t o  t y p e s  
o f  v a r i a t i o n s  m e t  i n  f i s h e r i e s  d a t a .  N e v e r t h e l e s s ,  a p a r t  f r o m  c e r t a i n  
a n o m a l i e s ,  t h e r e  a p p e a r e d  t o  b e  r e a s o n a b l y  good  a g r e e m e n t  b e t w e e n  
t h e  m e t h o d s  u s e d  a n d  t h i s  f a c t  i n d i c a t e d  t h a t  t h e  m e t h o d s  w e r e  e q u a l l y  
a n d ,  p r o b a b l y ,  r e a s o n a b l y  v a l i d .
B e v e r t o n  an d  H o l t  ( 1 9 5 6 )  s t a t e  t h a t  t h e  e s t i m a t i o n  o f  m o r t a l i t y  
p a r a m e t e r s  m a k es  a g r e a t e r  demand on  s a m p l e d  d a t a ,  w i t h  r e g a rd _  t o  
b o t h  t h e i r  e x t e n t  an d  r e l i a b i l i t y ,  t h a n  d o e s  t h e  e s t i m a t i o n  o f  a n y  
o t h e r  p a r a m e t e r .  T h e r e f o r e ,  s i n c e  t h e  s a m p l i n g  p r o b l e m  was  a m a j o r  
o b s t a c l e  i n  t h i s  s t u d y ,  f u r t h e r  c o l l e c t i o n  o f  d a t a  f o r  a t  l e a s t  3 o r  4 
m o r e  y e a r s  a n d  s a m p l e s  f r o m  m o re  t h a n  t h e  p o u n d - n e t s  a t  o n e  l o c a t i o n  
a r e  n e e d e d  t o  d e t e r m i n e  m o r t a l i t y  r a t e s  an d  p o p u l a t i o n  s i z e s .
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SUMMARY
1 .  S a m p l e s  o f  1466 a n d  509 a l e w i v e s  f r o m  t h e  R a p p a h a n n o c k  R i v e r  and  
P o to m a c  R i v e r  r e s p e c t i v e l y ,  c o l l e c t e d  i n  1965 t h r o u g h  1 9 6 9 ,  w e r e  
e x a m i n e d  f o r  e s t i m a t i n g  m o r t a l i t y  r a t e s  a n d  p o p u l a t i o n  s i z e s .
2 .  Age an d  s p a w n i n g - m a r k  d e t e r m i n a t i o n s  w e r e  made  b y  t h e  s c a l e  m e th o d  
a n d  c h e c k e d  b y  t h e  l e n g t h - f r e q u e n c y  m e t h o d .
3 .  The  p e r c e n t a g e s  i n  a g e - c o m p o s i t i o n  and  s p a w n i n g  h i s t o r y  w e r e  
a d j u s t e d  t o  t h e  c a t c h  p e r  u n i t  o f  e f f o r t  f o r  e a c h  y e a r  c o n s i d e r e d .
The  l a t t e r  was  c o m p u t e d  on  t h e  b a s e  o f  f o r t n i g h t l y  c o u n t s  o f  pound  -  
n e t s  an d  t h e  c a t c h  o f  t h e  i n d e x  n e t s  i n  t h e  R a p p a h a n n o c k  R i v e r ,  
a n d  t h e  t o t a l  c a t c h  i n  t h e  P o to m ac  R i v e r .
4 .  The  a b u n d a n c e  o f  f i s h  e x p r e s s e d  i n  t e r m s  o f  c a t c h  p e r  u n i t  o f  
e f f o r t ,  a n d  t h e  n u m b e r s  o f  f i s h  i n  e a c h  g r o u p  f r o m  a g e  IV a n d / o r  
s p a w n i n g  g r o u p  0 o n w a r d  i n  s u c c e s s i v e  y e a r s  w as  u s e d  i n  e s t i m a t i n g  
m o r t a l i t i e s  .
5 .  A n n u a l  m o r t a l i t y  r a t e s  w e r e  e s t i m a t e d  f o r  t h e  1961  y e a r - c l a s s  
a n d  196 5 s p a w n i n g - c l a s s . .  The  g e o m e t r i c  m e an s  o f  t h o s e  e s t i m a t e s  
r a n g e d  g r e a t l y  i n  t h e  R a p p a h a n n o c k  R i v e r  f r o m  50.3% t o  61 .4%  f o r  
m a l e s  an d  f r o m  16.5% t o  39.4% f o r  f e m a l e s .  I n  t h e  P o to m ac  R i v e r  
t h e y  r a n g e d  f r o m  40 .4%  t o  51 .7% a n d  f r o m  36.6% t o  48 .5%  r e s p e c t i v e l y .  
M o r t a l i t i e s  b a s e d  on t h e  c o m b i n a t i o n  o f  a g e - c o m p o s i t i o n  a n d  s p a w n i n g -  
m a r k  c o m p o s i t i o n  w e r e  c o n s i d e r e d  m o re  r e l i a b l e .
6 .  An a v e r a g e  v a l u e  o f  t o t a l  m o r t a l i t y  r a t e s  c o m p u te d  b y  t h e  m e t h o d  o f  
r a t i o s  a n d  t h e  Chapman a n d  R o b so n  o n e  c o n s i d e r e d  t o  b e  a r e a s o n a b l y
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g o o d  e s t i m a t e  o f  t h e  p a r a m e t e r .  I n  t h e  R a p p a h a n n o c k . R i v e r  t h i s  
v a l u e  w as  59 .4% f o r  m a l e s  a n d  55 .5% f o r  f e m a l e s ,  w h e r e a s  i n  t h e  
P o to m a c  R i v e r  i t  was  55.8% a n d  51 .3% r e s p e c t i v e l y .
7 .  N a t u r a l  a n d  f i s h i n g  m o r t a l i t i e s  w e r e  e s t i m a t e d  w i t h  S i l l i m a n * s  
m e t h o d .  I n  t h e  R a p p a h a n n o c k  R i v e r  t h e s e  e s t i m a t e s  w e r e  18.3%
a n d  12.8% f o r  n a t u r a l  m o r t a l i t y  o f  m a l e s  an d  f e m a l e s  r e s p e c t i v e l y ,  
a n d  50 .6% a n d  50.5% f o r  f i s h i n g  m o r t a l i t y .  I n  t h e  P o to m a c  R i v e r  
n a t u r a l  m o r t a l i t y  w as  20.1% a n d  14 .1% f o r  m a l e s  a n d  f e m a l e s  
r e s p e c t i v e l y ,  an d  f i s h i n g  m o r t a l i t y  w as  67 .2%  a n d  3 6 .9% .  T h e r e  
w a s  no  d i f f e r e n c e  i n  t h e  r a t e  o f  f i s h i n g  b e t w e e n  s e x e s  i n  t h e  
R a p p a h a n n o c k  R i v e r ,  b u t ,  t h e  d i f f e r e n c e  was  s i g n i f i c a n t  i n  t h e  
P o to m a c  R i v e r  b e c a u s e  many f e m a l e  f i s h  w e r e  p r o b a b l y  l o s t  f r o m  
t h e  c a t c h  o f  1965 a n d  1 9 6 6 .
8 .  D i f f e r e n c e s  i n  t o t a l  a n n u a l  m o r t a l i t i e s  b e t w e e n  t h e  a g e - g r o u p s
w
V+ o r  s p a w n i n g - g r o u p  1+,  an d  -S+ o r  0+ r e s p e c t i v e l y  i n d i c a t e  t h a t  
t o t a l  m o r t a l i t y  o f  a l e w i f e  i n c r e a s e s  w i t h  t i m e .
9 .  The s t r e n g t h  o f  t h e  1965 s p a w n i n g - c l a s s  was  e s t i m a t e d  b y  two
i n d e p e n d e n t  m e t h o d s  on  t h e  b a s e  o f  m o r t a l i t y  r a t e s  i n f o r m a t i o n
a n d  c a t c h  d a t a .  A g r e e m e n t  b e t w e e n  t h e  two m e t h o d s  was  c l o s e
i n d i c a t i n g  t h a t  t h e  e s t i m a t e s  w e r e  c l o s e  . t o  a p p r o x i m a t i o n s ’ o f
t h e  p a r a m e t e r .  The  e s t i m a t e s  w e r e  r e s p e c t i v e l y  1 . 8  m i l l i o n  an d
2 . 1  m i l l i o n  f i s h  i n  t h e  R a p p a h a n n o c k  R i v e r ,  an d  7 . 0  m i l l i o n  an d  
7
2 . 5  m i l l i o n  f i s h  i n  t h e  P o to m ac  R i v e r .
1 0 .  B e c a u s e  i n a d e q u a t e  s a m p l i n g  c r e a t e d  a s e r i o u s  p r o b l e m  i n  d e r i v i n g  
v i t a l  s t a t i s t i c s  o f  t h e  a l e w i f e ,  a d d i t i o n a l  d a t a  a r e  n e e d e d  i n  
o r d e r  t o  p r o v i d e  l e s s  b i a s e d  e s t i m a t e s  o f  m o r t a l i t y  r a t e s  an d  
p o p u l a t i o n  s i z e s .
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TABLE 1
Mean l e n g t h s  ( x )  o f  a l e w i f e  o f  e a c h  a g e - g r o u p  i n  s a m p l e s  f r o m  t h e  
R a p p a h a n n o c k  R i v e r  i n  1965 t h r o u g h  1 9 6 9 .  (N d e s i g n a t e s  n u m b e r  o f  
i n d i v i d u a l s :  l e n g t h  i n  n e a r e s t  mm)
MALES FEMALES
G r o u p 1965 1966 1967 1968 1969 1965 1966 1967 1968 196 9
I I I X 229 227 222 225 224 240 236 233 229 230
N 16 37 9 29 34 4 26 4 7 11
IV X 240 236 239 236 238 246 246 246 243 245
N 38 42 112 79 45 23 41 83 40 64
V X 247 246 242 245 246 256 254 251 255 254
N 41 24 57 86 33 49 16 38 59 33
VI X 257 248 251 250 252 268 261 260 263 264
N 11 8 16 31 20 13 30 8 ■ 12 31
V I I X 255 259 257 253 259 272 274 270 266 267
N 8 4 3 7 1 17 6 15 12 10
V I I I X 250 255 261 273 _ - 268
N - 1 1 - — — 2 6 — 3
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TABLE 2
Mean length (x) of alewife of each age group in samples from the
Potomac River in 1965 through 1969. (N designates number of in­
dividuals; length in nearest mm)
)
MALES FEMALES
Age
G r o u p 1965 1966 1967 • 1968 1969 1965 1966 1967 1968 1969
I I I X 225 226 224 222 222 235 239 229 235 232
N 12 12 7 6 13 3 7 5 5 10
IV X 241 237 238 234 233 249 244 248 247 246
N 25 14 12 11 3 31 30 11 8 13
V X 247 240 243 244 257 257 256 255 256 250
N 25 8 12 17 1 22 11 20 9 1
VI X 257 242 252 249 241 269 263 264 256 258
N 11 4 10 15 1 15 13 14 12 3
V I I X 251 251 253 257 _  - 268 273 267 267
N 5 1 3 5 - 8 2 6 6 -
V I I I X 280 277 285 __
N — — — - — 1 — 4 2 -
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TABLE 3
E s t i m a t e d  e f f o r t ,  c a t c h ,  an d  c a t c h  p e r  e f f o r t  o f  t h e  a l e w i f e  f i s h e r y  
i n  t h e  R a p p a h a n n o c k  an d  P o to m a c  r i v e r s  ( 1 9 6 5 - 1 9 6 9 )
Y e a r  T o t a l  T o t a l  C a t c h /  T o t a l  T o t a l  C a t c h /
E f f o r t  C a t c h  E f f o r t  E f f o r t  C a t c h  E f f o r t s
( N e t - D a y s )  ( P o u n d s )  M F ( N e t - D a y s )  ( P o u n d s )  M F
1965 2 , 7 7 2 9 9 4 , 5 2 7 17 5 184 7 , 3 4 5 4 , 1 6 9 , 1 0 6 301 267
1966 2 , 5 1 4 ■ 6 3 2 , 2 5 8 112 139 4 , 2 0 7 1 , 9 4 2 , 5 0 3 156 306
1967 2 , 5 2 2 1 , 3 1 3 , 3 1 1 248 273 6 , 3 6 8 1 , 6 1 7 , 0 1 2 94 160
1968 2 , 6 8 1 8 2 5 , 7 9 2 167 141 6 , 0 4 7 1 , 6 2 8 , 9 9 0 118 151
1969 2 , 6 9 9 5 4 0 , 5 9 3 89 11 4 , 2 4 8 6 3 7 , 3 5 4 54 96
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TABLE 4
Change of spawning-mark distribution and catch per effort in alewives
from the Rappahannock River. Numbers in columns 0 through 6 denote
average per cent in samples combined for five years (1965-1969)
MALES
M onth 0 1 2 3 
SPAWNING MARKS
4 5 6 A v e r a g e
C a t c h /
E f f o r t
M a r c h 3 6 . 0 5 4 0 . 5 4 1 9 . 8 1  3 . 0 0 0 . 6 0 0 . 0 0 0 . 0 0 342
A p r i l 5 6 . 4 7 27 . 6 4 1 1 . 7 6  3 . 2 3 0 . 8 8 0 . 0 0 0 . 0 0 143
May 6 1 . 1 6 2 4 . 7 9 1 0 . 7 4  2 . 4 8  
FEMALES
0 . 8 3 0 . 0 0 0 . 0 0 77
M on th 0 1 2 3 
SPAWNING MARKS
4 5 6 A v e r a g e
C a t c h /
E f f o r t
M a r c h 3 8 . 0 5 3 5 . 1 2 1 2 . 1 9 1 0 . 2 4 3 . 9 0 0 . 4 9 0 . 0 0 217
A p r i l 4 9 . 5 7 2 8 . 6 5 1 2 . 3 2 6 . 8 8 0 . 8 6 1 . 4 3 0 . 2 9 145
May 47 .46 2 3 . 7 3 1 6 . 9 5 7 . 6 3 4 . 2 4 0 . 0 0 0 . 0 0 70
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TABLE 5
C h a n g e  o f  s p a w n i n g - m a r k  d i s t r i b u t i o n  an d  c a t c h  p e r  e f f o r t  i n  a l e w i v e s  
f r o m  t h e  P o to m ac  R i v e r .  N um bers  i n  c o lu m n s  0 t h r o u g h  6 d e n o t e  a v e r a g e  
p e r  c e n t  i n  s a m p l e s  c o m b in e d  f o r  f i v e  y e a r s  ( ' 1 9 6 5 - 1 9 6 9 )
MALES
M o n th 0 1 2 3 
SPAWNING -MARKS
4 5 6 A v e r a g e
C a t c h /
E f f o r t
M arch 17 .65 5 2 . 9 4 5 . 8 9  1 7 . 6 5 5 . 8 9 0 . 0 0 0 . 0 0 79
A p r i l 4 6 . 9 4 2 7 . 2 1 2 0 . 4 1  3 . 4 0 2.  04 0 . 0 0 0 . 0 0 240
May 4 8 . 5 3 2 5 . 5 3 2 0 . 5 9  7 . 3 5  
FEMALES
0 . 0 0 0 . 0 0 0 . 0 0 107
M onth 0 1 - 2 3 
SPAWNING MARKS
4 5 6 A v e r a g e
C a t c h / .
E f f o r t
M a r c h 57 .1 4 1 4 . 2 8 2 8 . 5 7 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 33
A p r i l 3 9 . 8 9 2 1 . 3 5 2 4 . 1 6 8 . 4 3 5 . 6 2 0 . 5 6 0 . 0 0 284
May- 5 1 . 1 4 2 5 . 0 0 1 3 . 6 4 5 . 6 8 S . 41 0 . 0 0 1 . 1 4 144
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TABLE 6
A v e r a g e  p e r  c e n t  o f  v i r g i n  s p a w n e r s  o f  t h e  c o m b in e d  y e a r - c l a s s e s  
1 9 6 2 ,  1 9 6 3 ,  a n d  1964  i n  s u c c e s s i v e  y e a r s  1965 t h r o u g h  1969
R a p p a h a n n o c k  R i v e r  P o to m ac  R i v e r
Y e a r
C l a s s  I I I - O  ’l V - 0  V-0  I I I - O  I V - 0  V-Q
M F M F M F M F M F M F
1962 16 4 34 36 2 3 12 3 14 26 0 3
1963 38 25 88 73 4 4 12 7 7 6 0 0
1964 8 5 48 37 1 6 7 5 7 8 0 0
T o t a l 62 34 170 146 7 13 31 15 28 40 0 3
% 2 5 . 9 4  1 7 . 6 1  7 1 . 1 3  7 5 . 6 5  2 . 9 3  6 . 7 4  5 2 . 5 6  2 5 . 8 6  4 7 . 4 4  6 8 . 9 7  0 5 . 1 7
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TABLE 7
Estimation of instantaneous total mortality rates of alewives
of the 1961 year-class from their age-composition in the
Rappahannock River (1965-1969)
Age
Y e a r
MALES
G ro u p  C /F  Log ( C / F )
FEMALES
C/F  Log( C /F  )
65 IV 5 3 . 5 1  3 . 9 7 9 8 6
66 V 2 8 . 0 4  3 . 3 3 3 6 3
67 VI 1 9 . 9 6  2 . 9 9 3 7 2
68 V I I  4 . 1 9  1 . 4 3 2 7 0
69  V I I I
G e o m e t r i c  mean
0 . 6 4 6 2 3
0 . 3 3 9 9 1
1 . 5 6 1 0 2
0 . 6 9 9 9
3 4 . 3 1  3 . 5 3 5 4 4
1 4 . 5 5  2 . 6 7 7 5 8
1 1 . 4 4  2 . 4 3 7 1 0
1 1 . 2 1  2 . 4 1 6 8 0
3 . 3 6  1 . 2 1 1 9 4
G e o m e t r i c  mean
A r t i h m e t i c  mean 0 . 8 4 9 0 A r i t h m e t i c  mean
0 . 8 5 7 8 6
0 . 2 4 0 4 8
0 . 0 2 0 3 0
0 . 2 6 6 6
0 . 5 8 0 9
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TABLE 8
E s t i m a t i o n  o f  i n s t a n t a n e o u s  t o t a l  m o r t a l i t y  r a t e s  o f  a l e w i v e s  
o f  t h e  1965 s p a w n i n g - c l a s s  f r o m  t h e i r  s p a w n i n g - m a r k  c o m p o s i t i o n
i n  t h e  R a p p a h a n n o c k  R i v e r  ( 1 9 6 5 - 1 9 6 9 )
S p .
Y e a r
MALES
65 0 9 3 . 4 9  4 . 5 3 7 8 5
66 1 3 6 . 7 6  3 . 6 0 4 4 1
67 2 2 5 . 6 2  3 . 2 4 3 3 7
68 3 5 . 2 4  1 . 6 5 6 3 2
69 4 1 . 1 7  0 . 1 5 7 0 0
0 . 9 3 3 4 4
0 . 3 6 1 0 4
1 . 5 8 7 0 5
1 . 4 9 9 3 2
FEMALES
G ro u p  C /F  Log ( C / F )  i  C /F  Log ( C / F )
6 4 . 3 8 '  4 . 1 6 4 8 0
2 8 . 5 8  3 . 3 5 2 7 0
2 7 . 8 4  3 . 3 2 6 4 7
1 3 . 4 9  2 . 6 0 1 9 4
7 . 4 2  2 . 0 0 4 1 8
G e o m e t r i c  m ean  0 . 9 4 6 3  G e o m e t r i c  mean
A r i t h m e t i c  mean  1 . 0 9 5 2  A r i t h m e t i c  mean
0 . 8 1 2 1 0
0 . 0 2 6 2 3
0 . 7 2 4 5 3
0 . 5 9 7 7 6
0 . 3 0 9 8
0 . 5 4 0 1
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TABLE 9
Estimation of instantaneous total mortality rates of alewives
of the 1961 year-class from combined age and spawning-mark
compositions in the Rappahannock River (1965-1969)
MALES
Age
Sr
Y e a r  S p .
G ro u p C/F  L o g ( C / F )
FEMALES
C/F Log( C /F  )
65 I V - 0  5 1 . 1 5  3 . 9 3 4 7 6
66 V - l  2 7 . 3 0  3 . 3 0 6 8 9
67 V I - 2  1 6 . 6 4  2 . 8 1 1 8 0
68 V I I - 3  3 . 7 7  1 . 3 2 7 0 8
0 . 6 2 7 8 7
0 . 4 9 5 0 9
1 . 4 8 4 7 2
3 2 . 7 0  3 . 4 8 7 3 8
1 2 . 3 6  2 . 5 1 4 4 6
9 . 7 2  2 . 2 7 4 1 9
8 . 4 3  2 . 1 3 1 8 0
69 V I I I -4 3 . 3 6  1 . 2 1 1 9 4
G e o m e t r i c  mean 0 . 7 7 2 7  G e o m e t r i c  mean
A r i t h m e t i c  m ean  0 . 8 6 9 2  A r i t h m e t i c  mean
i
0 . 9 7 2 9 2
0 . 2 4 0 2 7
0 . 1 4 2 3 9
0 . 9 1 9 8 6
0 . 4 1 8 3
0 . 5 6 8 8
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TABLE 10
E s t i m a t i o n  o f  i n s t a n t a n e o u s  t o t a l  m o r t a l i t y  r a t e s  o f  a l e w i v e s  
o f  t h e  1 9 6 1  y e a r - c l a s s  f r o m  t h e i r  a g e - c o m p o s i t i o n  i n  t h e
P o to m ac  R i v e r  ( 1 9 6 5 - 1 9 6 9 )
Age
Y e a r
MALES FEMALES
G ro u p  C /F  Log ( C / F )  i  C /F  Log ( C / F )
65 IV  1 0 7 . 3 3  4 . 6 7 5 9 0
66 V 3 2 . 2 1  3 . 4 7 2 2 8
67 VI 1 9 . 9 8  2 . 9 9 4 7 2
68 V I I
69 V I I I
1 . 2 0 3 6 2
0 . 4 7 7 5 6
0 . 6 3 7 6 6
1 0 . 5 6  2 . 3 5 7 0 6
1 0 1 . 7 3  4 . 6 2 2 3 8
5 5 . 5 7  4 . 0 1 7 6 4
3 8 . 2 5  3 . 6 4 4 1 4
2 1 . 9 2  3 . 0 8 7 4 0
G e o m e t r i c  mean 0 . 7 1 5 7  G e o m e t r i c  mean
A r i t h m e t i c  mean 0 . 7 7 2 9  A r i t h m e t i c  mean  (
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) .6 0 4 7 4  
) . 3 7 3 5 0  
1 .55674
1.5010
1.5117
TABLE 11
E s t i m a t i o n  o f  i n s t a n t a n e o u s  t o t a l  m o r t a l i t y  r a t e s  o f  a l e w i v e s  
o f  t h e  1965 s p a w n i n g - c l a s s  f r o m  t h e i r  s p a w n in g . - m a r k  c o m p o s i t i o n
i n  t h e  P o to m ac  R i v e r  ( 1 9 6  5 - 1 9 6 9 )
S p .
Y e a r
MALES FEMALES
G ro u p  C /F  Log ( C / F )  i  C /F  Log ( C / F )
65 0 1 5 7 . 9 9  . 5 . 0 6 2 6 0
66 1 2 4 . 2 9  3 . 1 9 0 0 6
1 . 8 7 2 5 4
1 2 0 . 6 6  4 . 8 4 0 3 2
7 9 . 7 1  4 . 3 7 8 4 0
67 2 2 5 . 1 1  3 . 2 2 3 2 7
68 3
69 4
1 4 . 3 0  2 . 6 6 0 2 6
0 . 5 6 3 0 1
4 5 . 9 2  3 . 8 2 6 9 0
2 0 . 6 1  3 . 0 2 5 7 7
G e o m e t r i c  mean 
A r i t h m e t i c  mean
* G e o m e t r i c  mean
0 . 8 0 0 7 8  A r i t h m e t i c  mean
0 .4 6 1 9 2 ,
0 . 5 5 1 5 0
0 . 8 0 1 1 3
0 . 5 8 8 8
0 . 6 0 4 8
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TABLE 12
Estimation of instantaneous total mortality rates of alewives
of the 1961 year-class from combined age and spawning-mark
compositions in the Potomac River (1965-1969)
MALES
Age
6
Y e a r  S p .
G ro u p  C /F  Log ( C / F )
65 I V - 0  1 0 2 . 7 3  4 . 6 3 2 0 9
66 V - l  2 4 . 2 9  3 . 1 9 0 0 7
67 V I - 2  1 4 . 2 8  2 . 6 5 8 8 5
68 V I I - 3  8 . 6 2  2 . 1 5 4 0 9
69 V I I I - 4
G e o m e t r i c  mean
A r i t h m e t i c  mean
FEMALES
i  C /F  Log ( C / F )
9 8 . 2 3  4 . 5 8 7 3 1
1 . 4 4 2 0 2
4 8 . 6 8  3 . 8 8 5 2 7
0 . 5 3 1 2 2
2 8 . 9 3  3 . 3 6 4 8 8
0 . 5 0 4 7 6
1 4 . 1 8  2 . 6 5 1 8 2
0 . 7 2 8 5  G e o m e t r i c  mean
0 . 8 2 6 0  A r i t h m e t i c  mean
0 . 7 0 2 0 4
0 . 5 2 0 3 9
0 . 7 1 3 0 6
0 .6 3 8 6
0 . 6 4 5 2
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TABLE 13
Summary o f  t o t a l  a n n u a l  m o r t a l i t y  r a t e s  o f  a l e w i v e s  i n  t h e  R a p p a h a n n o c k  
R i v e r  ( 1 9 6 5 - 1 9 6 9 )  t a k e n  f r o m  T a b l e s  9 t h r o u g h  11
TOTAL ANNUAL MORTALITY
Age
A g e - G r o u p  S p . - G r o u p  6 G e o m e t r i c  mean A r i t h m e t i c  mean
S p . M ar k s
MALES FEMALES MALES FEMALES
IV  t o  V I I I 5 0 . 3 4 2 3 . 3 8
CMCMLD 4 4 . 0 6
V t o  V I I I 5 1 . 7 3 1 6 . 5 1 6 1 . 3 3 3 8 . 6 6
0 t o  4 6 1 . 1 8 25 .9 2 6 6 . 5 4 4 1 . 7 3
1 t o  4 6 1 . 3 6 2 0 . 1 3 6 8 . 3 1 3 6 . 2 0
I V - O / V I I I - 4 5 1 . 1 1 3 9 . 4 1 5 8 . 0 7 4 3 . 3 8
V - l / V I I I -4 5 7 . 5 7 27 .0 8 6 2 . 8 4 • 3 5 . 1 8
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TABLE 14
Summary o f  t o t a l  a n n u a l  m o r t a l i t y  r a t e s  o f  a l e w i v e s  i n t h e  Po to m ac
R i v e r  ( 1 9 6 5 - 1 9 6 9 )  t a k e n  f r o m T a b l e s  12 t h r o u g h 14
TOTAL ANNUAL MORTALITY
Age
A g e - G r o u p  S p . - G r o u p  &
S p .  M ar k s
G e o m e t r i c  mean  
MALES FEMALES
A r i t h m e t i c
MALES
: 'mean 
FEMALES
IV t o  V I I I 5 1 . 1 1 3 9 . 4 1 5 3 . 8 3 4 0 .  05
4 2 . 4 0 36 . 6 1 4 2 . 7 4 3 7 . 2 0
0 t o  4 * 4 4 . 5 0 5 5 . 1 0 4 5 . 4 8
1 t o  4 * 4 8 . 5 5 2 3 . 2 6 4 9 . 1 3
I V - O / V I I I - 4 5 1 . 7 3 4 7 . 1 9 5 6 . 2 2 47 . 5 4
V - l / V I I I - 4 4 0 . 4 2 4 5 . 6 1 4 0 . 4 3 4 6 . 0 3
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TABLE 15
Numbers of alewives in each combined age.and spawning-group in
samples from the Rappahannock River (1965-1969)
MALES FEMALES
Y e a r
I V - 0 V - l V I - 2 V I I - 3 V I I I - 4  n I V - 0 V - l V I -2 V I I - 3 V I I I -4
65 36 23 11 6 0 76 22 32 8 14 0 76
66 34 23 5 3 1 66 36 13 18 5 2 74
67 88 46 14 3 1 152 73 34 6 7 5 125
68 48 63 27 6 0 144 37 50 8 10 0 105
69 36 22 17 4 0 79 • 57 25 20 8 3 113
TOTAL 242 177 74  22 2 517 225 154 60  44  10 493
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TABLE 16
Numbers of alewives in each combined age and spawning-group in
samples from the Potomac River (1965-1969)
MALES FEMALES
Y e a r
I V - 0 V - l V I - 2 V I I - 3 V I I I - 4 n I V - 0 V - l V I -2 V I I - 3 V I I I - 4  n
65 23 21 5 3 0 52 , 29 18 14 5 1 67
66 14 6 • 3 0 0 23 26 10 11 1 0 48
67 7 9 7 3 0 26 6 14 12 4 • 4 40
68 7 10 13 4 0 34 8 7 9 4 2 30
69 3 1 1 5 13 1 _„ 14
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TABLE 17
Estimation of total annual mortality rates (a) by the method of
Chapman & Robson in the Rappahannock River (1965-1969)
MALES FEMALES
F i s h
G r o u p  T n S a T n
/ I V - 0 / +  399 517 0 . 4 3 6  0 . 5 6 4  446 493 0 . 4 7 5  0 . 5 2 5
/  V - 1 / +  124 275 0 . 3 1 1  0 . 6 8 9  178 268 0 . 4 0 0  0 . 6 0 0
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TABLE 18
Estimation of total annual mortality rates (a) by the method
of Chapman & Robson in the Potomac River (1965-1969)
MALES FEMALES
F i s h
G ro u p  T n S a ' T n
/ I V - 0 / +  135 140 0 . 4 9 3  0 . 5 0 7  213 199 0 . 5 1 8  0 . 4 8 2
/  V - 1 / +  49 86 0 . 3 6 5  0 . 6 3 5  96 117 0 . 4 5 3  0 . 5 4 7
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TABLE 19
Comparison of annual mortality rates (a) of alewives in the
Rappahannock River (1965-1969) computed by two methods
F i s h
G ro u p
METHOD OF 
CHAPMAN 6 
ROBSON
a
METHOD OF
G e o m e t r i c  mean 
a
RATIOS
A r i t h m e t i c  mean 
a
M a l e s  F e m a l e s M a l e s F e m a l e s M a l e s  F e m a l e s
/ I V - 0 / + 5 6 . 4 5 2 . 5 5 1 . 1 3 9 . 4 5 8 . 1  4 3 . 4
/  V - 1 / + 6 8 . 9 6 0 . 0 57 .6 2 7 . 1 6 2 . 8  3 5 , 2
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TABLE 20
Comparison of annual mortality rates (a) of alewives in the
Potomac River (1965-1969) computed by two methods
METHOD OF 
CHAPMAN 6 
ROBSON
F i s h
a
G ro u p
M a l e s  F e m a l e s
4 8 . 2  5 1 . 7  4 7 . 2  5 6 . 2
54.7 4 0 . 4  4 5 . 6  4 0 . 4
/ I V - 0 / +  5 0 . 7
/V - 1 / +  6 3 . 5
■METHOD OF RATIOS
G e o m e t r i c  mean A r i t h m e t i c
a a
M a l e s  F e m a l e s  M a l e s
mean
F e m a l e s
47 .5 
46 .0
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TABLE 23
Estimation of total annual mortality rates of the alewives
spawned in 1965 in the Rappahannock River (1965-1969)
F i s h  
Y e a r  G ro u p C/F  L o g ( C / F ) C / F '  Log( C/F  )
5 / I I I - 0 / +  1 7 4 . 9 3  5 . 1 6 4 3 8
66 / I V  - 1 / +  4 6 . 4 2  3 . 8 3 7 7 3
67 /V - 2 / +
68 / V I  - 3 / +
69 / V I I - 4 / +
3 0 . 2 8  3 . 4 1 0 4 9
5 . 2 4  1 . 6 5 6 3 2
1 . 1 7  0 . 1 5 7 0 0
1 . 3 2 6 6 5
0 . 4 2 7 2 4
1 . 7 5 4 1 7
0 . 4 9 9 3 2
1 8 3 . 5 5  5 . 2 1 2 4 8
6 4 . 1 4  4 . 1 6 1 0 6
3 5 . 3 1  3 . 5 6 4 1 6
1 3 . 4 9  2 .6 0 1 9 5
7 . 4 2  2 . 0 0 4 1 8
1
G e o m e t r i c  mean 
A n n u a l  r a t e
0 . 8 3 9 4  G e o m e t r i c  mean  0
5 6 . 8 0  A n n u a l  r a t e  49
.0 5 1 4 2
.34753
.5 9 7 9 0
.9 6 2 2 1
,6 7 7 1
,19
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TABLE 24
Estimation of total annual mortality rates of the alewives
spawned in 1965 in the Potomac River (196 5-1969)
F i s h  
Y e a r  G ro u p
MALES
C/F  L o g ( C / F )
FEMALES
C /F  Log( C/F  )
65 / I I I - 0 / +  3 0 0 . 3 8  5 . 7 0 5 0 4
66 / I V  - 1 / +  4 8 . 4 8  3 . 8 8 1 1 5
67 /V - 2 / +  2 7 . 7 8  3 . 3 2 4 3 2
68 /V I  - 3 / +  1 6 . 2 3
69  / V I I - 4 / +
2 . 7 8 6 9 0
1 . 8 2 3 8 9
0 . 5 5 6 8 3
0 . 5 3 7 4 2
2 6 3 . 9 2  5 . 5 7 5 6 5
1 3 7 . 7 8  4 . 9 1 1 0 2
6 1 . 7 9  4 . 1 2 3 7 4
3 4 . 7 9  3 . 5 4 9 3 3
G e o m e t r i c  mean 0 . 8 1 1 0
A n n u a I r a t e  5 5 . 5 5
G e o m e t r i c  mean 0
A n n u a l  r a t e  48
.6 6 4 6 3
787 2 8
57441
6698
83
56
TABLE 25
Summary of total annual mortality rates of alewives in the Rappahannock
and Potomac rivers (1965-1969) taken from Tables 23 and 24
RAPPAHANNOCK RIVER POTOMAC RIVER
F i s h
G r o u p
METHOD OF 
CHAPMAN & 
ROBSON
M F
METHOD OF 
RATIOS 
G e o m e t r i c  
m ean
M F
METHOD OF 
CHAPMAN & 
ROBSON
M F
METHOD OF 
RATIOS 
G e o m e t r i c  
Mean 
M F
/ I I I - 0 / + 5 6 . 8  4 9 . 2 5 5 . 5  4 8 . 9
/ I V  - 0 / + 5 6 . 4  5 2 . 5 5 0 . 7  4 8 . 2
57
TABLE 26
Estimation of total annual mortality rates of alewives from the group
/IV-0/ onward having spawned in 1965 in the Rappahannock River
F i s h
MALES FEMALES
Y e a r  G ro u p C/F Log( C/F  ) i C/F L o g ( C / F ) i
65 / I V - 0/ + 1 5 2 . 0 2 5 . 0 2 4 0 1
1 . 3 8 1 1 7
1 7 7 . 0 1 5 . 1 7 6 2 0
1 . 1 2 3 2 0
66 /V - 1/ + 3 8 . 2 0 3 . 6 4 2 8 4
0 . 5 8 4 1 3
5 8 . 5 7 4 . 0 5 3 0 0
0 . 5 3 0 7 7
67 /V I —  2/ + 2 1 . 3 0 3 . 0 5 8 7 1
1 . 7 3 1 6 3
3 3 . 8 6 3 . 5 2 2 2 3
1 . 3 9 0 4 3
68 / V I I - 3 / + 3 .77 1 . 3 2 7 0 8 8 . 4 3 2 . 1 3 1 8 0
0 .3 7 9 1 3
69 / V I I I —4 / + - - 5 .77 1 . 7 5 2 6 7
G e o m e t r i c  mean 1 . 1 1 8 G e o m e t r i c  mean 0 . 7 4 8 7
A n n u a l r a t e 67 . 3 0 A n n u a 1 r a t e 5 2 . 7 0
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TABLE 27
Estimation of total annual mortality rates of alewives from the
group /IV-0/ onward having spawned in 1965 in .the Potomac River
F i s h  
Y e a r  G r o u p
MALES
C/F  L o g ( C / F )
FEMALES
C/F Log( C/F  )
65 / I V  - 0 / +  2 4 9 . 7 2  5 . 5 2 0 3 4
66 /V - 1 / + 4 8 . 4 8  3 . 8 8 1 1 5
67 /V I  - 2 / +  2 1 . 0 3  3 . 0 4 5 9 4
68 / V I I - 3 / +  1 0 . 5 6  2 . 3 5 7 0 6
69 / V I I I - 4 / +
1 . 6 3 9 1 9
0 . 8 3 5 2 1
0.68888
2 5 4 . 3 9  5 .5 3 8 8 6
1 1 1 . 6 4  4 . 7 0 5 2 7
5 4 . 1 3  3 . 9 9 1 3 8
2 8 . 3 6 3 . 3 4 4 9 8
G e o m e t r i c  mean 
A n n u a l  r a t e
0 . 9 8 0 8  G e o m e t r i c  mean
6 2 . 4 9  A n n u a l  r a t e
0
51
59
i
83359
713 8 9
6 4 6 4 0
7273
66
TABLE 28
Comparison of total mortality rates in the Rappahannock and Potomac
rivers (1965-1969) computed by two methods-
RAPPAHANNOCK RIVER POTOMAC RIVER
F i s h METHOD OF METHOD OF METHOD OF METHOD OF
CHAPMAN 6 RATIOS CHAPMAN 6 RATIOS
G roup ROBSON G e o m e t r i c ROBSON G e o m e t r i c
mean mean
M F M F M F M F
/ I V - 0 / + 5 6 . 4  5 2 . 5 6 7 . 3  5 2 . 7 5 0 . 7  4 8 . 2 6 2 . 5  5 1 .7
60
TABLE 29
E s t i m a t i o n  o f  t o t a l  a n n u a l  m o r t a l i t y  r a t e s  o f  a l e w i v e s  f r o m  t h e  
g r o u p  / I V - 0 /  o n w a r d  h a v i n g  sp aw n e d  i n  196 5 i n  t h e  R a p p a h a n n o c k  
R i v e r .  O n ly  t h e  g r o u p s  / I V - 0 / ,  / V - l / ,  / V I - 2 / ,  / V I I - 3 / ,  and  
/ V I I I - 4 /  a r e  c o n s i d e r e d .
MALES
Y e a r
F i s h
G ro u p C/F LogC C /F)
FEMALES
C/F Log( C / F ) i
65 / I V  - 0 / +  1 1 6 . 9 3  4 . 7 6 1 5 7
66 /V - 1 / +  3 4 . 7 5  3 . 5 4 6 1 8
67 / V I  - 2 / +  2 0 . 9 5  3 . 0 4 2 1 3
68 / V I I - 3 / +  3.77- 1 . 3 2 7 0 8
69 / V I I I - 4 / +
1 . 2 1 5 3 9
0 . 5 0 4 0 5
1 . 7 1 5 0 5
1 3 2 . 3 7  4 . 8 8 5 5 9
4 5 . 7 3  3 . 8 2 2 7 5
2 6 . 3 4  3 . 2 7 1 0 9
8 . 4 3  2 . 1 3 1 8 0
3 . 3 6  1 . 2 1 1 9 4
1 . 0 6 2 8 4
0 . 5 5 1 6 6
1 . 1 3 9 2 9
0 . 9 1 9 8 6
G e o m e t r i c  mean  0 .9 8 3 7  G e o m e t r i c  mean  0 . 8 8 5 4
A n n u a l  r a t e  6 2 . 6 0  A n n u a l  r a t e  5 8 . 7 6 .
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TABLE 30
E s t i m a t i o n  o f  t o t a l  a n n u a l  m o r t a l i t y  r a t e s  o f  a l e w i v e s  f r o m  t h e  
g r o u p  / I V - 0 /  o n w a rd  h a v i n g  sp aw n e d  i n  1965 i n  t h e  P o to m ac  R i v e r .  
O n ly  t h e  g r o u p s  / I V - 0 / ,  / V - l / ,  / V I - 2 / ,  / V I I - 3 / ,  an d  / V I I I - 4 /  a r e  
c o n s i d e r e d .
F i s h  
Y e a r  G ro u p
MALES
C /F  Log( C/F  )
FEMALES
C /F  Log( C/F  )
65 / I V  - 0 / +  2 0 7 . 6 3  5 . 3 3 5 7 5
66 /V - 1 / +  3 6 . 8 0  3 . 6 0 5 5 0
67 / V I  - 2 / +
68
69
2 1 . 0 3  3 . 0 4 5 9 4
/ V I I -  3/ +  8 . 6 3  2 . 1 5 5 2 4
1 . 7 3 9 5 6
0 . 5 5 9 5 6
0 . 8 9 0 7 0
2 2 3 . 7 2  5 . 4 1 0 5 9
9 4 . 3 6  4 . 5 4 7 0 9
4 8 . 6 7  3 . 8 8 5 0 6
2 0 . 6 1  3 .0 2 5 7 7
G e o m e t r i c  mean 0 . 9 5 1 6
A n n u a l  r a t e  6 1 . 3 9
G e o m e t r i c  mean 0
A n n u a l  r a t e  54
86350
66203
85929
78 9 0
57
62
TABLE 31
A c o m p a r i s o n  o f  t o t a l  a n n u a l  m o r t a l i t y  r a t e s  o f  a l e w i v e s  i n  t h e  
R a p p a h a n n o c k  an d  P o to m ac  r i v e r s  ( 1 9 6 5 - 1 9 6 9 )  c o m p u te d  b y  two 
m e t h o d s  f r o m  t h e  g r o u p s .  / T V - 0 / ,  / V - l / ,  / V I - 2 / ,  / V I I - 3 / ,  a n d  
/ V I I I - 4 / .
RAPPAHANNOCK RIVER POTOMAC RIVER
METHOD OF METHOD OF METHOD OF METHOD OF
F i s h CHAPMAN & RATIOS CHAPMAN & RATIOS
ROBSON ■, G e o m e t r i c ROBSON G e o m e t r i c
G r o u p Mean Mean
M F M F M F M F
/ I V - 0 / + 5 6 . 4 5 2 . 5 6 2 . 6 5 8 . 8 5 0 . 7 4 8 . 2 6 1 . 4 5 4 . 6
/V - 1 / + 6 8 . 9 6 0 . 0  =. 6 6 . 5 5 8 . 2 6 3 . 4 5 4 . 8 6 4 . 5 6 2 . 7
63
C M
n o .
WO
PQf=C
Eh
C O C O
H CM i— i c n Eh  > - •
2  1=0 CM c o c n P 4  f=C
0  2  0 l r r C D C D 0  2  0
p H  M  1 • \ • \ P h 1— 1 1
C u  Eh CM CM CM P h Eh
W  W  . W  W
2 2
c n
■ vf C u
. . 1 1 ^  p .
CO 1 n o
u 1
c u M
> M M
• H 4-> 1— 1 M
P : P > . M
O 2 C D >
O Mh • 1 t • 2
0 3 H h o
e (U
o
X-> H -t
o O
2 n o n o N O
4-> i— i i— 1
T 5 • H 2 * • * 2
C C n o 0 0 0 0
0 5 D i— i
n o N O
P i 1
O a > M H
O 2 H M
C > 2 2 o >
c 2 C D 2 CM
0 5 a 2 • • • 2
2 4-> n o n o
0 3 0 3
2 CJ
a .
0 3 <u 2
2 2 w CM n o 0 0
o > 2 O 0 0 P 4
CU c M C u ■ • • . w P h
J p c u p s CM c n C D r " - > CM
X-> T 3 i— i w
2 1 p ^ 1
c c C J
• H o o M C J !— 1
• H 2 > p t n o N O p i : >
CO 2 2 C D i— i o 2
<L> 0 3 f P 2 • • • O • 2
> O P C C D CM 'd " £ h
• H f= c i— I CM 1—1 O
T3 2 P h
0 ) C p - l
i— 1 • H p C
0 3 P h
p i n o O UO
4 h P CM CM u o
O 0 3 C U * • . 2
e n o r - 1 o
C , T i— \ u o 2 CM i— 1
o C n
p 1 1
- P ■ H
• H C > >
CO 5 o UO
O 0 3 2 C D 1— 1
2 2 2 • • • 2
e CO C D 0 0 CM
o P t CM
o X 3
P
p i 0 3
p
0 3 CU p J" c n pj"
e C n i— 1 CM c n
i 0 3 P h • . • 2
t n O CM
c P o n o n o N O O
• H CU t—i
X 3 1 1
£ P
0 3 P > >
2 H M
C O CO o C D N O
p .M 2 N O
0 D c u • • •
C 2 2 C D o N O 2
0 3 e (— 1 I'D CM
p i— 1
(U 2
t o
(=C
P 0 0 c n P
0 3 C D C D C D 0 3
CU c n c n c n Q )
> • i— i i— i i— i
UOpi-
NO
O
uo
no
r-
o
C M
o
n o
i—i
cn
pd-pd-
n o'd-
CM
in
C M
C D
C D
OCO
NO
C M
CO
cn
n o
r-
CMO
uo
C D
cn
cooo
CD
oco
00
no
L O
CM
00
CD
C O
cn
CM
■vl-
CM
CD
uo
n o
co
cn
cor-
C D
C D
cn
64
19
67
 
17
.0
0 
65
.2
0 
18
.3
7 
35
.1
0 
14
.2
8 
28
.9
3 
6.
75
 
9.
87
 
- 
9.
87
 
6,
36
8
o
o PL.c
c
03
X
03
PC
0 4
03 o '
<1)
xP
c CN•H
CO
<13
>
•H C
•H
CU
■—1
03
P
O
CN
C
Cn cn
G
•H
X  g
CO 03
•H £
cn *H P  cn
rN P CD
CN r~1 O cn
O *H CN r—1
CD mhCO W
CU Mh
P  O X
03 o
NO P rO P  CD
N-) O CD 03 CD
'O X  W O  cn
W C P  X 1—1P i 03 cu f=q
cq e  S
fG CO
E-i CU CU
P  X
03 P
P Mh
XI
P
•H P
i—1 CU
03 >
P  -H
P &
O
£ •H
CO
G
O
CU
■c
03
P
G CD
03
P
CO
G
•H
CN CD
O P  CD
P  cn
G O i i
O CN
•H CN
-P W
03
P X
G O
Cu ' p  r -
£ 03 CD
O CJ cn
o i—i
CM
Cu
x
CO
•H
U*
CM
M
04
o
o
p
o
H" NO
co (—1■ •
00 CM
H" CM
o o
NO r-- CD• • •
CD CD CD
i—1 
i—1
i—1
no
n-
o
un
CDI"-
CD
CT>
CMO
CM
00
CD
CM
O
CM
CM
cn
o
r-r-
cn
no
UO NO O 00
1—1 o CM NO• • • •
CM
CM 1—1
00
'Cj-
CD H- NO NO
r- CD 1—1 UO
• • m •
o 00 CM i— 1
NO CM o
CM
CMLD
CM
'ct"
cnr-
CD
cn
•vf i—i
-=d-LO
H"n-
•v i-
co
cnr-
o
1
i—f 
1
CM
1
NO
1
10 
i—1
> > M M 03
H > H
>
P
O
EH
cdwx
<c
sw
u*
65
p
po
Mh
Mh
\
xo
p03
cj
X
CO
IP
CM
CM
I-1
04
CM
CM•H
CM
CD
Mh
■—I
i—I
CD
CO
CD
cn
r-
CD
cn
Cu
O
O
p
CD
cn uo 00 NO
P . CD UO 00 i—1
P cn • • •
O p—i O n- 00
Mh CM i—i
Mh .
CD
X
O 00 cn O NO
P CD CM CM o
03 cn • • •
O r-t CM i—1 CD
NO r -
o NO NO
CM o H"
• • «
r—l CD 00
n-
NO CM
i—1 CM N'• • •
O ro cn
NO
I—1
i_n
o1 i—it CM11
>
i
>
1
MM >
NOI
M(H> T
ot
al
 
19
3.
09
 
85
.5
5 
0.
44
35
 
0.
81
28
 
25
22
 
10
9.
52
 
45
.5
5 
0.
42
5 
0.
85
54
 
25
81
 
0.
13
73
 
0.
57
55
 
0.
71
5
*d"
P O
wwCQf=CP
CMCu
CU
o •
ro 1—1
SO
P
o CM
Pu c r CM
cu O
.G
p
ro.
c CM o
•H P CMo
to
<D
>
•H
co
CD CM r-■—i •H o
to •
i—t
Cl
o
Mh
ro
t n CM O
G CO sd"
•rM ro
X •
to o
•H
P  G
to P
Mh  £ G r-> . oo lo o
O  -H O  CO ro  cm r -  'd-
H p  cn • • • •
to i—1 p  >—1 oo ■of co  cn
CU *H w r - 1 P  ro
P  C O
(TS X
C  p o
o P  CO
'O m co co cn  i—i oo
G U  CO c j  cn cn C M  L D  I—
m o w i— ! • •  « •
x  w 0 0  ■vj- C M  L D
to P  pa: p-'- CM i—1 P
cu cu s i—1
P  S
m
G cu i—1 U O
X P
J o  P r o
P
•H Jo r -
i—1 P
m
P  G
G CU L O
o  > (—1 i—t
£  *H •H
P4 •
to i—1
G
O0
c o
m i— 1 0 0
p CO 1—1
G •
m o
p
to
G
•H C O cn p  o
co CM L O  oo
P p cn •  •  i •
O G i—1 sj" C M  tO
O C M  i— 1 r o
G P
O P
•H w
P
m X r o  to l o  « v T
p C J  L D c m  * d ~
G P  co •  •  •  e  •
c u m cn C M  O  P  s a ­
£ C J  i— I cs 00 CM oo i—1 CM
C J
X
tn
•Hw
P.GO
G
o
oI
> I>
CMI
P>
ro
t
P
P>
L O
00
CD^1"
Pm4->
o
p
COwwF=C
swCo
pCio
Mh
Mh
\
X
O
P
m
CJ
P
Ci
O
Mh .
Mh
W
xa
p
m
O
Xto
•H
Co
CM
Cu
p
CU
CM
P
CM
•H
CM
CO
i—I
CO
CO
cu
2o
g
o
ro
O
CM
O
CO
o
•vt"
CO
r -
o
CM
cn
o
L D
1—1 
O  
CO
O r o P " o
CO i—1 cn 0 0 cn
cn • • • .•
i—i L O 0 0 cn r o
ro CM r -
CO CO 0 0 O
CO s d - CO O O cn
cn • • • •
i—i L O 0 0 0 0 CM
ro *d" ro CMi—!
L D
ro
•\
r -
roco
co
r -
o
uo
CO
o
C O 00 o 00 C Otn CO 00 00 r o
1—1 • • • •
00 00 C O s d "
s d " ro cn
L O ro L O CM
C O CM CM s d - cn
cn • • ■ •
i—i 00 i—1 ro CM
cn co ■vT O
CM
O CM
ro
t
P
m
1 i—1 1 P p
> 1 P tP o
P > > > p
66
CD cn CD o ro 00
CD o 00 CD L O CM CD
Cl, r- LO CD CD LO CD . V• • • • • » CO
<n o o o O o O
cu
>
•H •H
LD 00 n- i—I CD rH 00
CU S r—1 r-- ■—i LO 00 •1—1 r- O LO o ro ro
re
IH i—i >—1 I—1 I—1 ,—i
O'
Mh
O
G
tn rO CM L O CM CD cn CM cn
<U £ P4
W
>
M
P^  CM
O CM cn 00 CD •-P •H Cl, CD ro L O ro CDro rH • • • * • • ro
P
>,
i—1
*H
CO
O o o o o O
-P
•rl Mh CJF=C
s
EH
o
P-.
i—1 '=*■ ro CM L O CMrH
ro
O s cn L OCO
cn
CM
CM
CM
CD
CO
,—1 
,—1
4-> TZ5 • • • • • CD
P O ,—i o rH ,—1 o I—1
O
£
,g
p >
CU
tn £ <3- ■vf ■vj- n-3 Cl, CO CD D CD CD CO •O CU i—1 i—1 rH i—r i—1 >—1 •vfcu d : • • • • • • I—1
G -p O o O o O o
ro-P
G
,g-P o*
rO •H-P ^  ' H- H" r—1
CO CM CM CM CM CM CM •
G•H cn s
CM CM C M CM CM CM o
CM
<x> O O O O O O
cn
•H ,—i__ _ ' i
L O i_n
ro 1--1 CD cn O CM L O O L O i—1
ro cn n- ,—1 CM L O CD Sfr •
W -P i—i Cu CD CO 00 CO CO 00 I"-O N__ ./ • • • • • • L O
PQ -P o o o o O o
<=£ cn
Eh TJ
G
rO
p
cu
>
•H
•H io r - cn CM r> n- CD
•v P4 ro CM CM o •
✓— V S cn. CO 00 cn cn cn cnCM o • • • • • • L Ov_>- ro o o o o o o
Co
G•H
£
O-P
o
P4 
w  
>  1__ 1
CM ro L O 00 ro C D C D
.G D-i r^ - 1—1 CM O •tn
T5 P4 Cu
n- D D n- O
•H • • • • • • L O
m h G
ro XCJ
o o O o o o
O' O
O  CM
s
53
<
5C- - tH
o D cn L O
o s ro r- i— ! CM o •c CD C D r - oi—I g • • • • • • L O
ro rO. P-,
P-i
o O O o o o
Ci
P
X
ro-P CM §ro CM Mh r- O' 1"" i""
G ro ro ro ro ro ro ro 00
p i^ Cu ,—1 iH r—1 i—i ,—i i—i •
M h • • ■ • •r • • CM
O cu
x:
o O O o o o ,— 1
cn
cu
-p CT*
-P c .
03 •H ro ro ro ro ro ro
s o o o o O o ro•H CM CM CM CM CM CM •-P • • • •  . • • 00
cn o O o o o o I—1
W
p
cu
tn *  
ro CU
rH
r0
rO
CU
un CD 00 cn P 3 P <U
CD CD CD CD CD CU i—1 G -Pcn cn cn cn cn >  ro G roo ,—i I—1 rH r H ,H F=C > f=C Pd
67
G
eo
m
et
ri
c 
m
ea
n
00 O cn CD
O LO n- LO' cn
cn CM i—i CD
<C •\ *\ •s
Eh CM CD •cj- r->
O 1 i—1 ro
Eh rH ro  . i—1
rH
o co CD i—1 LO
£ •r~i CD CD . LO
•H Q 00 i—i i—1 r -tn a) •r- *\ •v «\ •v
to x a CD ro 1--1 cn CM
03 o i—1 cn LD CD ro
1—1 i—i s f rH rH
C3 031 • a.tn
c Mh
•H o
C
T3 CD
03 O W ^ 00 LO 00
PM XI P  Or rH cn 00 •sf
cn P f=C ' n \ cn oo LO <3-
03 S  Q  -H 00 o O cn cnLO s W V-/ i—t CM CM i—t t—i
CD IP • • • • •
cn 03 i—! ■—i 1--1 i—i i—i
i—i XPa)
p >>
CD p X /—'ro x rH cn rH CD ro
m u a rH L D "vt 00 CM
W o 03 *i—>4—> CM ro ro 00
PI > CJ 03 »\ ’ •V
P3 0) •rH CJ O o L O n- r -
N Pi L O CD CM L O CMEh •H ro i—1 rH
cn X
U
03 o
£ cP a
03 s t  . ro L O CM
Mh x •r~ 00 ro rH
O 05 Q s f ro O L O O
pm •r- •N •N *s
c CM CJ CD CM ro L O L O* o 03 cn L O CM <=^ '
•H1 i Pi CD CM CM
03 03
6 x :
*ri pP
cn c n- O rH n-
u •H CD CM cn L O i—• n- r -
U  t K ro 00 r^- n-
X  Q  -H n - cn cn r - r -
f=C v_x CM CM CM CM CM
s • • • • •1-^ i—i r—i i—i i—1
rC CM CD L O i—i CDa p CD CM•r~P CD ro ro CD cn
CJ 03 »\ »\ •\CJ CD CM L O rocn r- ro
L O r H ■—i
a.
p O i—i CM roCM o CJ a CJ CJ a
CD pCJ
L O CD r-" 00 cnfH CD CO CO CD CD
03
03
ocnr-
L D
00o
* \
CM
h—1f=cEhO&H
68
ro
W
X
PQ
pa: 
E—1
10 
CO 
0 ■—I
ai
tr>
P
•H
P
50
P .co
•co
CO
cni—i
CD
X4->
Mh
O
Q)
N
•H
CO
0
X-P
Mh
O
Po
•H
P
0 3
Pco
W
o
£•H0
XOi—I 
0 CU
MhO
XJOXP
0
£
-0
x
p
> ,x
u0
>
•H
&
a0
£o
p
o
CU
0x
p
p
•H
X IpH
H
O
H
Q
•r
O
CXCO W 
X
f=H *r*H 
S  Q W 
Cu
X  
■ n o  
CJ P  
0  
CJ
•r~>
Q
•r~>
CJ
COw ^X T~) Cu 
pa: o \
X
a
• n P  
CJ 0  
CJ
Cu
CO
P ,
P
O
u
CJ
p
0
0
><
o p^" . 0 0 L O
1— 1 C O co C O
CD I O CM pj“
• s * \ • \
o cn L O 0 0
0 0 p t 1— 1 1—1
CO CM 1—1 I O•\ •N
i—1 1--1
cn o 0 0
o r - I O cn
L O L O p f o
n - r- ■—I ro
CM pf ro IO• • • •
1--1 (—i i—1 1—1
r - CO ro o
L O CO L O r--
cn r - L O CM•\ *\ *-\ •N
i—i o o co
I O ro CM o
cn CO L O CM
L D ro CO pj-
cn C O o CM
i—i p f ■—I cn
•s •N •N
CM 00 . 1--1 ro
CM 1—1 ro p f
CM ro pj" CM
CM
ro cn Pi" LO
CM CM CM LO
O CM IO CM
LO CO r-- 00
I—1 CM ■—I i—1• • • •
I—1 1--1 1—1 i—1
I"- CO cn o
LO o Pf n -
cn IO pfr CM•N •V *\ •»
1--1 CM r-" CO
ro LO c o ocn CM r o CM
o
CJ
L D
CO
CJ
CO
CD
o
r-
ro
co
L D
•N
L O i—1 CM i— 1 1 X
i—1 0 0 C O P l~ pa:
p3" C O i— i L O E-<
• s •N • \ O
0 0 o p± P l~ H
L O ro 00 i"-
pf
CM
cn CD CM
CM
o
r-co
ro
O
oo
co
pJ-
O
cn
co
69
TABLE 38
E s t i m a t e s  o f  t h e  r a t e s  o f  e x p l o i t a t i o n  and  c o r r e s p o n d i n g  p o p u l a t i o n  
s i z e s  u n d e r  b o t h  c o n d i t i o n s  p r e s c r i b e d  i n  t e x t  f o r  t h e  1965 s p . - c l a s s
i n  t h e  R a p p a h a n n o c k  a n d  P o to m ac  
r i v e r s
RAPPAHANNOCK RIVER 
MALES FEMALES
POTOMAC RIVER 
MALES FEMALES
ua i J 3
U;
U
H
0 . 4 7 4 6 1
0 . 5 1 8 0 9
0 . 4 9 6 3 3
0 . 4 9 2 4 0
0 . 5 2 2 8 9
0 . 5 0 7 6 4
0 . 7 1 2 4 1
0 . 7 7 4 6 3
0 . 7 4 3 5 2
0 . 4 1 9 1 3
0 . 4 5 1 1 9
0 .4 3 5 1 6
N a-**^ 1 , 1 5 1 , 8 3 4  7 1 1 , 2 3 2  2 , 7 1 0 , 5 1 8  4 , 6 0 9 , 4 4 5
N ^ * ^  1 , 0 5 5 , 1 6 8 -  6 6 9 , 7 6 0  2 , 4 9 4 , 0 3 8  4 , 2 8 1 , 9 1 4
N 1 , 1 0 1 , 4 2 8  6 8 9 , 8 8 0  2 , 5 9 8 , 3 9 2  4 , 4 3 9 , 6 4 7
' 3
S u b s c r i p t s  5 4  a n d  d e n o t e  t h e  f o r m u l a e  i n  t e x t
**  P o p u l a t i o n  s i z e s  c o m p u t e d  b y  u s i n g  u   ^ a n d  u ^
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40 n
MALE35 -
25 -
20
F E M A L E
!072 3 4 5 6 8 9
A G E
F i g .  3 .  A v e r a g e  a g e  c o m p o s i t i o n  o f  a l e w i v e s  i n  t h e  
R a p p a h a n n o c k  R i v e r  s a m p l e s  c o m b in e d  f o r  
f i v e  y e a r s  ( 1 9 6 5 - 1 9 6 9 ) .
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40 -i
35 -
30 -
(S) d o  
<  
h-
2  20 LU ^
0  
t z
w |5
01
10 -  
5 -  
0
!\
MA L E
F E M A L E
1 ------------ 1----------i----- r -
5 6 7 8 9
A G E
10
F i g .  4 .  A v e r a g e  a g e  c o m p o s i t i o n  o f  a l e w i v e s  i n  t h e  
P o to m ac  R i v e r  s a m p l e s  c o m b in e d  f o r  f i v e  
y e a r s  ( 1 9 6 5 - 1 9 6 9 )
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VITA
N i c h o l a s  C . T s i m e n i d e s
B o rn  i n  N i g r i t a ,  G r e e c e , A p r i l  6 ,  1 9 3 4 .  G r a d u a t e d  f r o m  h i g h  
s c h o o l  i n  T h e s s a l o n i k i ,  G r e e c e ,  i n  J u n e  1 9 5 2 .  E n t e r e d  t h e  U n i v e r s i t y  
o f  T h e s s a l o n i k i  i n  O c t o b e r  1955 r e c e i v e d  B a c h e l o r  o f  S c i e n c e  d e g r e e  
i n  A p r i l  1 9 6 0 ,  w i t h  a m a j o r  i n  B i o l o g y .  I n  1960  t o  1962 s e r v e d  t h e  
G r e e k  A m y .  E n g a g e d  t o  t h e  F i s h e r i e s  D e p a r t m e n t  o f  t h e  M i n i s t r y  o f  
I n d u s t r y  i n  May 1 9 6 2 ,  o c c u p i e d  t h e  p o s i t i o n  a s  a T e c h n i c a l  S u p e r v i s o r  
o f  F i s h e r i e s  i n  t h e  p o r t  o f  C a v a l a ,  G r e e c e .  T a k e n  a s c h o l o r s h i p  
g r a n t e d  b y  t h e  G r e e k  G o v e r n m e n t ,  i n  S e p t e m b e r  1967 e n t e r e d  t o  t h e  
S c h o o l  o f  M a r i n e  S c i e n c e ,  C o l l e g e  o f  W i l l i a m  an d  M a r y ,  V i r g i n i a .
75
